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EXECUTIVE  SUMMARY 


During  the  period  of  15  April  1989  to  18  May  1990,  McDonnell  Aircraft 
Company  (MCAIR)  completed  Phase  II  of  the  three-phase  program  to  demonstrate 
that  Ion  Vapor  Deposited  (IVD)  aluminum  coating  can  replace  toxic  cadmium 
processing  at  the  Air  Logistics  Centers  (ALCs).  A  demonstration  of  the  IVD 
aluminum  process  will  be  conducted  at  the  Warner  Robins  (WR)  ALC  during  Phase 
III.  This  phase  will  demonstrate  the  applicability  of  IVD  aluminum  as  a 
replacement  for  cadmium  for  detail  parts  that  are  now  processed  with  cadmium 
at  WR. 

Phase  I  of  the  program  compiled  data  comparing  the  IVD  aluminum  process 
to  the  various  cadmium  processes  into  a  data  base  handbook.  It  included  a 
review  of  aircraft  parts  now  processed  with  cadmium  at  the  five  ALCs  to 
identify  parts  for  which  IVD  aluminum  can  immediately  replace  cadmium  without 
concern.  Parts  which  exhibit  "areas  of  concern"  were  also  Identified.  Phase 
II  focused  on  addressing  "areas  of  concern".  These  are  ALC  applications  where 
either  IVD  aluminum  by  itself  is  not  an  adequate  replacement  for  cadmium  or 
insufficient  data  exists.  They  included  coverage  of  internal  surfaces, 
lubricity,  and  to  a  lesser  extent,  erosion  resistance. 

During  Phase  II,  MCAIR  demonstrated  the  effectiveness  of  both 
sacraficial-type  and  barrier-type  supplemental  protection  systems  for  internal 
surfaces.  Torque-tension  data  was  generated  for  ALC  applications  involving 
threaded  ngine  hardware  and  wheel  tie-bolts  that  demonstrates  the 
acceptability  of  the  use  of  IVD  aluminum  with  proper  lubrication.  MCAIR 
suggests  that  a  thicker  IVD  aluminum  coating  be  used  where  feasible  for 
erosive  applications.  Where  thickness  tolerance  is  critical,  MCAIR 
demonstrated  improved  erosion  resistance  with  the  use  of  an  aluminum-alloy 
evaporant  containing  12  percent  silicon. 

MCAIR  also ‘.supported  the  procurement  and  acceptance  of  a  state-of-the-art 
IVD  aluminum  coater  for  the  WR-ALC  during  Phase  II.  MCAIR  prepared  the 
procurement  specification,  conducted  preliminary  acceptance  testing  of  the 
coater  at  a  subcontractor  site  and  final  acceptance  testing  at  WR,  and  trained 
WR  personnel.  MCAIR  also  designed  and  procured  a  fixture  to  hold  and  mask  a 
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PREFACE 


This  report  was  prepared  by  McDonnell  Douglas  Aircraft  Company,  P.O.  Box  516, 
St.  Louis,  MO  63166-0516,  EPA  Contract  C87-101602,  "The  Substitution  of  Ion  Vapor 
Deposited  (IVD)  Aluminum  for  Cadmium."  The  work  was  done  for  the  Air  Force 
Engineering  and  Services  Laboratory,  Tyndall  Air  Force  Base,  Florida  32403-5319. 

This  final  report  describes  the  methods  used,  and  the  results  of  the  analysis  of  the 
Ion  Vapor  Deposition  (TVD)  metal  plating  technique.  This  technology  can  save  the  Air 
Force  millions  of  dollars  in  the  cost  of  hazardous  waste  disposal  due  to  the  reduction  in  the 
usage  of  cadmium. 

This  technical  report  has  been  reviewed  by  the  Public  Affairs  Office  (PA)  and  is 
releasable  to  the  National  Technical  Information  Service,  where  it  will  be  available  to  the 
general  public,  including  foreign  nationals. 

The  work  was  performed  between  15  April  1989  to  19  May  1990.  The  project  officer 
was  Lt  Phil  Brown. 


PHILLIP  P.  BROWN,  ILt,  USAF,  BSC 
Project  Officer 


MICHAEL  G.  KATONA 
Chief  Scientist 


EDWARD  N,  COPOLLA,  Maj,  USAF 
Chief,  Environmental  Compliance  Division 


,  Col,  USAF 
Chief,  Environics  Directorate 
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SECTION  I 


INTRODUCTION 


A.  OBJECTIVE 

The  objective  of  this  program  Is  to  verify  the  applicability  of 
lon-Vapor-DeposIted  (IVD)  aluminum  as  a  replacement  for  cadmium  processing  at 
the  Air  Force  Air  Logistics  Centers  (ALCs).  Whereas  cadmium  has  been  widely 
used  as  a  corrosion-resistant  finish  on  steel,  the  substitution  with  IVD 
aluminum  provides  acceptable  or  Improved  performance  in  virtually  all 
applications.  More  Importantly,  the  substitution  will  make  a  major 
contribution  to  reducing  hazardous  waste  production  and  its  associated  adverse 
effect  on  the  environment. 

» 

B.  BACKGROUND 

Both  the  aluminum  coating  and  the  IVD  process  are  environmentally  clean. 
Cadmium,  on  the  other  hand,  is  a  heavy  metal  and  is  toxic  to  humans.  Once  it 
escapes  into  the  environment.  It  can  find  Its  way  Into  the  water  supply  or 
food  chain.  Also,  with  electroplated  cadmium  processing,  there  are  additional 
hazards  associated  with  cyanide  products  in  the  plating  bath.  On  the  economic 
side,  a  suitable  replacement  can  both  reduce  life-cycle  costs  and  provide  an 
immediate  return  on  Investment  by  eliminating  costs  associated  with  control 
technology  required  to  meet  ratcheting  environmental  regulations  and  with 
hazardous  waste  collection,  storage,  and  disposal. 

There  are  inherent  advantages  to  the  substitution  of  IVO  aluminum  for 
cadmium,  in  addition  to  hazardous  waste  reduction.  IVO  aluminum  outperforms 
cadmium  in  preventing  corrosion  in  acidic  environments  and  actual  service 
tests.  Also,  aluminum  coatings  can  be  used  at  temperatures  up  to  950°F, 
whereas  cadmium  is  limited  to  450‘’F.  IVO  aluminum  coatings  can  be  applied  to 
high-strength  steel  without  fear  of  hydrogen  embrittlement.  Aluminum  coatings 
can  be  used  in  contact  with  titanium  without  causing  solid  metal 
embrittlement,  and  they  can  also  be  used  in  contact  with  fuels;  cadmium  Is 
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prohibited  for  these  applications.  Additionally,  IVD  aluminum  can  be  used  in 
space  applications,  whereas  cadmium  is  limited  because  of  sublimation. 

The  coating  requirements  for  IVD  aluminum  are  specified  In  MIL-C-83488, 
the  tri-service  specification  for  pure  aluminum  coatings.  After  coating,  the 
parts  are  generally  chromate-treated  in  accordance  with  MIL-C-5541.  This 
provides  additional  protection  against  corrosion,  forms  a  good  base  for  paint 
adhesion,  and  is  a  common  treatment  for  aluminum  alloy  surfaces.  In  virtually 
all  applications,  IVO  aluminum  can  replace  cadmium  of  equal  thicknesses.  It 
can  also  be  applied  thicker  than  cadmium  where  part  tolerance  permits;  this 
results  in  additional  corrosion  resistance. 

The  Air  Force  Environmental  Services  Center  (AFESC)  has  contracted 
the  McDonnell  Aircraft  Company  (MCAIR)  through  EGiG,  Idaho  to  demonstrate  that 
IVO  aluminum  can  replace  cadmium  across-the-board  at  the  ALCs.  The  thrust  of 
the  program  is  to  reduce  hazardous  waste  production.  This  report  addresses 
Phase  II  of  a  three-phase  program.  The  phases  are; 

Phase  I  -  Data  Compilation  and  Process  Evaluation 

Phase  II  -  Procurement  and  Research  &  Development 

Phase  III  -  Demonstration 

In  Phase  I,  the  technical  information  providing  a  comprehensive 
comparison  of  the  performance  of  IVD  aluminum  and  the  performance  of  the 
cadmium  processes  was  compiled.  This  provided  the  designer  with  a  readily 
accessible  technical  database  (Reference  1)  to  justify  the  substitution  of  IVD 
aluminum  for  cadmium  for  about  eighty  percent  of  the  current  ALC  applications. 
This  report  addresses  the  other  20  percent  of  the  applications  which  have  been 
identified  as  "areas  of  concern"  for  eliminating  cadmium  by  the  ALCs.  These 
Included  coverage  of  internal  surfaces,  improved  lubricity,  and  to  a  lesser 
extent,  improved  erosion  resistance. 
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C.  SCOPE/APPROACH 


Phase  II  activities  also  included  procurement  support  of  an  IVD  aluminum 
coater  to  assure  that  the  Phase  III  demonstration  will  be  conducted  in  a 
state-of-the-art  system.  The  related  MCAIR  activity  Is  discussed  In  Section 
II. 


In  some  cases,  the  “areas  of  concern"  resulted  from  a  lack  of  sufficient 
data.  Other  areas  required  the  development  of  supplemental  processing  to  be 
used  in  conjuction  with  the  IVD  aluminum  coating.  The  approaches  used  to 
address  the  three  individual  "areas  of  concern"  are  presented  in  Sections  III, 
IV,  and  V. 

The  performance  of  barrier-type  and  sacraficial-type  supplemental 
protection  systems  applied  to  internal  surfaces  was  tested.  Data  comparing 
the  effect  of  various  bolt  finish  -  nut  finish  -  lubricant  combinations  on 
torque-tension  was  also  generated.  The  erosion  resistance  of  IVD  aluminum  to 
diffused  nickel-cadmium  was  compared,  and  the  effect  of  supplemental  topcoats 
and  different  IVD  aluminum-alloy  evaporants  were  evaluated. 

Finally,  a  "hands-on"  approach  that  MCAIR  has  proposed  for  the  Phase  III 
demonstration  is  presented  in  Section  VII. 
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SECTION  II 


I  VO  ALUMINUM  COATER  PROCUREMENT  SUPPORT 
A.  PROCUREMENT  SPECIFICATION 

The  IVD  aluminum  coating  is  applied  In  production  coating  equipment 
called  Ivadizers*.  The  basic  equipment  consists  of  a  steel  vacuum  chamber,  a 
pumping  system,  fixturir.g  to  hold  the  parts,  an  evaporator  power  supply,  and  a 
high-voltage  power  supply  (Figure  1). 

The  IVD  processing  sequence  consists  of  pumping  the  vacuum  chamber  down 
tc  about  10“^  Torr.  The  chamber  is  then  backfilled  with  argon  gas  to  about  10 
microns,  and  a  high  negative  potential  is  applied  between  the  parts  being 

t » 

coated  and  the  evaporation  source.  The  argon  gas  becomes  ionized  and  creates 
a  glow  discharge  around  the  parts.  The  positively  charged  gas  Ions  bombard 
the  negatively  charged  surface  of  the  parts  and  performs  a  final  cleaning, 
which  contributes  to  good  coating  adhesion. 


FtQur«  1 .  Schematic  of  an  Ion  Vapor  Deposition  System 


4 


Following  glow  discharge  cleaning,  aluminum  wire  Is  evaporated  by  being 
continuously  fed  into  resistance-heated  crucibles.  As  the  aluminum  vapor 
passes  through  the  glow  discharge,  a  portion  of  it  becomes  ionized.  This,  In 
addition  to  collision  with  the  ionized  argon  gas,  accelerates  the  aluminum 
vapor  toward  the  part  surface,  resulting  in  excellent  coating  adhesion  and 
uniformity. 

Coater  productivity  and  reliability  have  been  continuously  Improved  since 
the  first  unit  was  installed  at  the  Navy  Overhaul  Facility  at  North  Island  in 
1974.  There  are  now  approximately  70  Ivadizers*  in  service  around  the  world 
which  primarily  serve  the  aerospace  market. 

Phase  III  of  the  program  requires  substituting  IVD  aluminum  for  cadmium 
processing  for  those  detail  parts  that  are  now  protected  with  cadmium  at  the 
WR-ALC.  Accordingly,  MCAIR  'prepared  a  procurement  specification  (Reference 
2)  for  the  coating  system  to  be  used  for  the  Phase  III  demonstration.  This 
document  was  used  as  the  basis  for  the  procurement  of  «  state-of-the-art 
coater  from  Abar-lpsen  Industries. 

The  WR  coating  system  includes  several  items  that  are  designed  to  improve 
productivity.  They  include: 

0  Parts-holding  fixtures  designed  for:  larger  parts  that  are  hung 
stationary  while  being  coated;  larger  parts  that  are  rotated  while  being 
coated;  and  small  parts  that  are  rotated  in  barrels  while  being  coated. 

0  A  fixture  designed  (Reference  .3)  and  fabricated  by  MCAIR  for  the 
C-13Q  Barrel  Hub.  It  will  be  used  in  conjunction  with  the  rotary  parts 
holding  rack  to  both  hold  the  barrel  hub  and  mask  areas  of  the  hub  which  are 
not  to  be  coated.  The  fixture  will  be  used  to  demonstrate  Improved 
productivity  levels.  MCAIR  projects  that  eight  barrel  hubs  can  be  processed 
in  a  90-minute-coating  cycle  with  additional  fixtures  of  this  nature. 
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0  Additional  pumping  capability  that  basically  reduces  the  pumpdown 
portion  of  the  IVD  aluminum  coating  cycle  by  50  percent  or  more.  A  cyropump 
system  will  be  used  in  conjunction  with  the  conventional  mechanical  and 
diffusion  pumping  systems.  MCAIR  has  demonstrated  that  cyropumping 
efficiently  removes  water  vapor  during  pumpdown.  This  benefit  is  particularly 
effective  when  the  combination  of  aluminum  buildup  in  the  coating  chamber  and 
humid  weather  conditions  often  result  in  pumpdown  times  of  over  one  hour.  The 
cyropump  system  will  not  only  reduce  pumpdown  time  to  30  minutes  or  less  under 
these  conditions  but  will  also  enable  less  frequent  "cleaning''  of  the  coater 
to  remove  aluminum  buildup. 

MCAIR  also  included  a  comprehensive  list  of  spare  parts  to  be  procured 
along  with  the  coater  (Reference  2).  These  spare  parts  are  considered  to  be 
adequate  to  prevent  any  coater  inactivity  due  to  replacement  part  procurement 
delays. 

Copies  of  the  Reference  2  Procurement  Specification  and  the  Reference  3 
Fixture  Design  are  available  from  either  WR-ALC/HANEE,  W.  t.  Elmore  or 
HCAIR-Dept.  357,  V.  L.  Holmes. 

B.  ACCEPTANCF  TESTING 

MCAIR  performed  the  final  acceptance  test  of  the  IVD  aluminum  coater  and 
its  associated  systems  after  their  installation  at  the  HR-ALC.  The  tests  were 
designed  to  demonstrate  compliance  with  the  requirements  stipulated  in 
Reference  2  and  in  MIL-C-834e8.  Final  acceptance  was  based  on  the  following 
testing: 

0  Safety  -  MCAIR  simulated  failure  to  demonstrate  the  proper 
operation  of  all  safety  devices  and  controls. 

0  Coating  Appearance  -  The  IVD  aluminum  coating  was  verified  to  be 
smooth,  fine  grained,  adherent,  uniform  in  appearance,  free  from  pits, 
burning,  porosity,  and  other  defects.  The  coating  showed  no  indication  of 
contamination  or  improper  operation  of  equipment,  such  as  excessively  powdered 
or  darkened  coatings.  Slight  discoloration  of  the  coating  on  test  coupons  was 
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removable  by  glass  bead  peening.  Parts  cbromated  per  MIL-C-5541  had  a 
continuous,  distinctly  colored  protective  film  ranging  in  color  from  yellow  to 
Iridescent  bronze. 


0  Adhesion  -  The  adhesion  of  the  coating  to  one-inch  by  four-lncn  by 
0. 040-Inch  alloy  steel  test  strips  was  verified  by  the  following  tests: 

-  Scraping  Test  -  The  surface  of  the  coated  article  was  scraped 
to  expose  the  basic  metal.  An  examination  of  the  surface  at  four  diameters 
magnification  showed  no  evidence  of  nonadhesion. 

Bend-to-Break  Test  -  Test  strips  were  clamped  in  a  vise  and 
bent  back  and  forth  until  strip  rupture  occurred.  An  examination  of  the 
coating  along  the  break-line  at  four  diameters  magnification  showed  no 
evidence  of  non-adhesion. 

Glass  Bead  Peening  Test  -  The  coating  test  showed  no  sign  of 
separation  from  the  base  metal  when  glass  bead  peened  with  size  10  glass  beads 
at  an  operating  pressure  of  40  psig.  This  test  was  performed  by  slowly 
fanning  the  peener  nozzle  over  the  test  strips  at  a  distance  of  6  to  8  Inches. 

0  Corrosion  Resistance  Test'ing  -  MCAIR  tested  the  corrosion 
resistance  of  alloy  steel  panels  coated  with  the  various  thickness  classes 
defined  in  HIL-C-83488C  in  a  five-percent  neutral  salt  fog  environment  per 
ASTM  Method  B-117.  Type  II  (chromated)  parts  coated  with  Class  1,  2,  and  3 
coatings  showed  no  evidence  of  corrosion  of  the  basis  metal  when  exposed  for 
672,  504,  and  336  hours,  respectively. 


0  Reliability  Test  -  The  reliability  of  the  IVD  aluminum  coater  was 
demonstrated  by  performing  ten  continuous  coating  cycles  without  failure  of 
the  system.  Coating  adhesion  as  described  above  was  verified  after  each 
coating  cycle. 


0  Vacuum  Level  Test  -  The  coaler's  pumping  system  was  verified  to 
evacuate  a  clean,  dry  chamber  to  9  x  10"^  torr  within  1  hour  without  cryopump 
engagement  and  within  30  minutes  with  cryopump  engagement. 
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0  Pressure  Levels  -  Base  pressure  and  time  in  minutes  to  reach 
operating  pressures  for  a  clean,  dry  chamber  with  and  without  the  cryopump 
engaged  were  established  for  the  following  system  components:  the  roughing 
pump/blower;  the  diffusion  pump;  and  the  holding  pump. 

C.  PERSONNEL  TRAINING 

HCAIR  provided  training  at  WR  for  electronic  engineers,  electrical 
maintenance  technicians,  and  electronic  maintenance  technicians  which  included 
the  following: 

0  Review  of  electrical  and  electronic  systems,  including  wiring 
diagrams  and  drawings 

0  Troubleshooting  procedures  for  the  current  sources  and  control 

systems 

0  Electrical  and  electronic  equipment  servicing  and  care 

0  Adjustment  procedures  (locating  components,  adjustments  to  be  made, 
values  to  be  measured,  equipment  required  for  making  adjustments) 

0  Applicable  circuit  board  repair  procedures 

0  Recommended  motor,  switch,  relay,  solenoid,  etc.,  maintenance 

servicing  and  repair 

MCAIR  also  provided  training  at  WR  for  operators,  mechanical  maintenance 
technicians,  and  mechanical  engineering  technicians  which  Included  the  follow: 

0  A  review  of  mechanical  diagrams  and  drawings 

0  Component  location  and  function 
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0  Troubleshooting  procedures  and  techniques 

0  Repair  procedures 

0  Assembly/disasseinbl>  procedures 

0  Adjustments  >  (how,  when  and  where) 

0  Preventive  maintenance  procedures 

0  Valve  location  and  functions 

0  Valve  adjustment  and  maintenance  procedures 

0  System  operation  •• 

0  Potential  operation  problems 

0  Potential  maintenance  problems 

Personnel  from  the  Ogden  (00)  ALC  also  attended  the  WR  training  sessions. 


SECTION  III 


COVERAGE  OF  INTERNAL  SURFACES 

A.  PROBLEM 

Although  the  IVD  aluminum  process  is  not  confined  to  line-of-sight  appli- 
cation,  it  does  have  limitations  regarding  the  ability  to  coat  into  deep 
recesses.  Generally  speaking,  the  process  can  be  used  effectively  to  coat 
into  a  bore  or  recess  for  a  distance  equal  to  approximately  one  times  the 
diameter  of  the  opening.  Therefore,  for  parts  with  a  length-to-d1ameter 
ratio  greater  than  1:1  (or  2:1  if  open  at  both  ends),  the  IVD  aluminum  coatiP”. 
coverage  on  portions  of  the  internal  surface  may  be  inadequate.  For  examp! 
the  internal  surface  of  the  Figure  2  cylinder  which  is  4-1nches  in  diameter 
18-inchBS  long  and  open  at  both  ends  would  be  •‘.ited  effectively 
approximately  4-inches  from  both  ends.  The  remaining  10-inciies  of  internal 
surface  in  the  middle  of  the  cylinder  would  have  a  thin  coating  to  no  coating 
at  all. 

Even  though  techniques  may  be  developed  to  evaporate  aluminum  within  deep 
recesses  using  an  internal  anode,  this  procedure  could  be  prohibitively 
expensive  for  most  applications.  Therefore,  IVD  aluminum  by  itself  cannot  be 
a  direct  cadmium  substitute  for  some  ALC  parts,  such  as  landing  gear  details 
and  turbine  shafts,  because  of  internal  surface  protection  requirements. 
However,  there  are  protection  systems  that  are  compatible  with  IVD  aluminum 
and  may  qualify  as  alternatives  to  cadmium  for  internal  surfaces.  Supporting 
data  for  such  qualification,  however,  needs  to  be  developed. 

B.  SOLUTION/APPROACH 

Combine  IVD  aluminum  with  supplemental  protection  systems  to  provide 
complete  coverage  of  internal  surfaces.  Candidate  protection  systems  are 
shown  in  Table  1  and  include: 
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Figure  2.  IVD  Aluminum  Coated  A-Inch  Diameter  by 
18-Inch  Long  Cylinder 


0  Aluminum-fined  MIL-C“81751  basecodts  -  These  are  aluminum-filled 
paint-type  materials  currently  in  use  by  the  ALCs.  The  coatings  can  be  brush- 
or  spray-applied  to  inter'nal  surfaces.  The  coating  becomes  electrically 
conductive  when  either  curtd  at  high  temperature  or  burnished  with  glass 
beads.  The  electrically  conductive  coating  provides  sacrificial 
corrosion-resistance  protection  to  alloy  steel  substrates.  Alseal  , 
Sermetel®,  and  Xylar*  are  tradenames  of  available  aluminum-filled  coatings 
suitable  for  this  application. 
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0  Primer,  topcoats,  and  sealants  -  Combinations  of  various  primers, 
topcoats,  and  sealants  have  shown  promise  in  preliminary  testing  and  may 
afford  acceptable  barrier-type  corrosion  resistance  protection  to  Internal 
surfaces.  Standard  materials  in  use  by  the  ALCs  like  epoxy  primers, 
polyurethane  toproats,  and  sprayable  sealants  are  candidates. 


TABLE  1.  CANDIDATE  INTERNAL  SURFACE  PROTECTION 
SYSTEMS  APPUED  TO  PANELS. 


Suppl«m*ntal  Protsetlon  Syttam 
Matarlal  Idtntificatlon* 

Applicable 

Mil-Speca^ 

Protection 

Type 

Proceaaor* 

Coalings  for  Industry:  Alsaal  5l8 

MIL-C-81751 

Sacrificial 

Whttlord:  Xylar  1 

MlL-C-81751 

Sacrificial 

Senmalech:  Serm^tel  CR9S4-LT 

MIL-C-81751 

Sacrificial 

Sermatech 

Epoxy  Primer 

MIL-P-23377 

Barrier  ‘ 

MCAtR 

PolysuKide  Sealant 

MIL-S-83430 

Barrier 

Polyurethane  Topcoat 

MIL-C-83286 

Barrier 

MCAIR:  Epoxy  Primer 

None 

Barrier® 

MCAIR 

Polysulfide  Sealant 

MtL-S-83430 

Barrier 

(Fill  and  Drain) 

Whtttond:  P-92  Primer 

None 

Barrier 

MCAIR 

Whttford;  Xylan  1014  Topcoat 

None 

Barrier 

Wh.iford:  P-92  Primer 

Nona 

Barrier 

MCAIR 

Whittord:  Xylan  1010  Topcoat 

None 

Barrier 

Waterborne  Epoxy  Ptimar 

MIL-P-85582 

Barrier® 

MCAIR 

Polysulfide  Sealant 

MIL-S-83430 

Barrier 

Zinc  Phosphate 

MlL-P-16232 

Barrier 

Embee  Plating 

MCAIR:  Epoxy  Primer 

None 

Barrier' 

Polyurethane  Topcoat 

MIL-C-83286 

MCAIR:  Epoxy  Primer 

None 

Barrier® 

DeSoto 

DeSoto;  Epoxy  Powder  Coaling 

None 

Barrier 

Waterborne  Epoxy  Primer 

MlL-P-e5582 

Barrier® 

DeSoto 

DaSoto:  Epoxy  Powder  Coaling 

None 

Barrier 

NADC  UnIcoat 

None 

Barrier® 

DeSoto 

DeSolo:  Epoxy  Powder  Coating 

None 

Barrier 

DeSoto:  Epoxy  Powder  Coating 

None 

Barrier 

DeSoto 

TABLE  1.  CANDIDATE  INTERNAL  SURFACE  PROTECTION 
SYSTEMS  APPLIED  TO  PANELS  (CONCLUDED). 


Supplemental  Protection  Syatam 
Material  kJantlftcatlon* 

Appileabla 

Mil-Spacs^ 

Protaetlon 

Type 

1  II 

Frocaaaor* 

Zinc  Phosphate 

MIL-P-16232 

Barriar 

Sunbalt  Coating 

Whitford;  P-fl2  Prlmar 

Non* 

Barriar 

Whttford:  Xylan  1014  Topcoat 

Nona 

Barriar 

Zinc  Phosphate 

MIL-P-16232 

Barriar 

Sunbelt  Coating 

Whttford:  Xylan  5611  Primed" 

Nona 

Barriar" 

Whitford:  Xylan  5251  Topcoat 

Nona 

Barriar 

Manganese  Phosphate 

MIL-P-16232 

Barriar 

Embaa  Rating 

Waterhoma  Epoxy  Primer 

MIL-C-B5582 

Barriar^ 

MCAIR 

High-Solids  Polyurathanb  Topcoat 

MIL-P-65285 

Barriar 

Embaa  Plating 

1  Supplittrs: 

-  CcabnQS  for  Irtdutlry,  Irte.;  310  Towiiship  Urw  Road,  Soudarton,  RA  18064,  (215)  723^10 

-  Whitford  Corporation:  Box  S07,  Wnt  Chattar,  PA  19381,  (215)  298‘3200 

-  Sarmatech  Inlarnational,  Inc.;  155  SL4Jth  Umarick  Road,  UmarlcA.  PA  10468,  (215)  648-5100 

-  Naval  Air  Devalopmant  Can  Ar;  Warpninatar,  PA  18074 

* 

b  Military  Spadftcationc: 

-  MIL-P-16232  Phoaphata  Coating,  Haavy,  Mang'  lasa  or  Zinc  Bast  (tor  Fotoiis  Matals) 

-  MIL-P-23377  Prirrtar  Coating,  Epoxy  Poiyamido,  Chamicat  and  Solvant  Retlslant 

-  MII.-C-81751  Coadng,  Metallic  Caramlc 

>  MIL-C-83266  Coating,  Urathana,  Aliphatic  Isocyanate,  for  Aerospace  AppUcationa 

-  MIL-C-83430  Sealing  Compound,  Integral  Fuel  Tank  and  Fuel  Call  Cavkias,  tnisrmittant  Us#  to 
360*F(182'C) 

-  MIL-0-652e5  Coating;  Polyurethane,  High-Solide 

-  MIL-P-B5S82  Primer  Coatirtgt:  Epoxy,  VOC  Compliai;:.  Chemical  Sotvant  Raelstartt 

c  Although  these  materials  are  dasigruitad  tiarriar,  they  do  oontain  leachabla  compounds  which  provide 
sacrlfidal  protection. 

d  Zinc  Rich.  May  Provida  Soma  SacraUcial  Protection, 
a  Prooassora; 

-  McDonnell  Aircraft  Company  (MCAIR);  P.O.  Box  516,  St  Louis,  MO  63166  (314)  233-8663 

-  Sarmatech  International,  Inc.;  155  South  Umarick  Road,  PA  19468,  (215)  9465100 

-  Embee  Platinc;  2136  South  Hathaway,  Santa  Ana,  CA  92705  (714)  5469842 

-  DeSoto,  Inc.;  Box  5030,  Dos  Plaines.  IL 60017,  (312)  391-9365 

-  Sunbelt  Coating  Company,  Inc.;  1805  West  Detroit  StreeL  Broken  Arrow,  OK  74012,  (918)  258-8007 
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Screen  candidate  protection  systems  applied  to  alloy  steel  test  panels  by 
testing  for  adhesion,  coverage  and  uniformity,  and  corrosion  resistance. 
Apply  selective  protection  systems  which  pass  the  screening  tests  to  the 
internal  surface  of  cylindrical  details  representing  actual  ALC  parts. 
Process  the  cylinders  in  the  following  sequence: 

a.  Coat  the  cylinders  with  IVD  aluminum  for  external  coverage  and 
transitional  coverage  into  the  bore  of  the  cylinder. 

b.  Brush,  spray,  or  “fill  &  drain"  apply  protection  systems  onto  the 
Internal  surface  of  the  cylinders  covering  both  bare  areas  and  a  ““as  coated 
with  IVD  aluminum. 

c.  Section  the  cylinders  lengthwise  to  expose  internal  surfaces. 

d.  Test  the  adhesion,  coverage  and  uniformity,  and  corrosion  resistance 
of  the  protection  systems  on  the  exposed  internal  surfaces. 

C.  TEST  DATA 

1.  Tost  Panels 

Eighty  A-inch  by  6-inch  4130  alloy  steel  panels  were  processed  with 
candidate  internal  surface  protection  systems.  Forty  percent  of  the  test 
panels  were  left  bare.  The  other  sixty  percent  were  first  coated  with  a  thin 
coating  (less  than  0.0003  inch)  of  IVD  aluminum  per  MIL-c-83488.  These  panels 
simulate  internal  surface  areas  coated  with  less  than  the  minimum  acceptable 
amount  of  IVD  aluminum  where  the  coating  transitions  from  an  acceptable 
thickness  to  no  coating  at  all.  Three  different  conditions  of  thin  IVD 
aluminum  coatings  were  evaluated  after  being  overcoated.  They  are: 

0  As  coated  (not  peened)  and  not  chromated  (Type  I) 
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0  Peened.  but  not  chromated  (Type  I) 

0  Peened  and  chromated  (Type  II) 

The  peened  and  chromated  condition  is  the  normal  processing  mode  for 
IVO  aluminum  coating.  The  other  two  conditions  were  evaluated  for  possible 
benefits  In  relation  to  the  standard  mode  when  overcoated  with  the  candidate 
protection  systems.  One  panel  of  each  of  the  IVD  aluminum  coating  conditions 
was  overcoated  with  each  candidate  protection  system.  In  addition,  two  bare 
steel  panels  were  processed  with  each  candidate  protection  system  to  simulate 
internal  surfaces  coated  with  a  trace  to  no  IVD  aluminum.  A  typical  test 
panel  set  processed  with  Table  I  candidate  protection  systems  is  shown  in 
figure  3. 

a.  Processing  Parameters  -  All  of  the  steel  test  panels  were 
cleaned  using  the  normal  procedures  for  precleaning  alloy  steel  substrates  for 
IVD  aluminum  processing.  This  entails  solvent  vapor  degreasing  followed  by 
mechanical  grit  blasting  with  aluminum  oxide  grit  at  60  psi.  The  sub¬ 
sequent  processing  parameters  for  each  candidate  protection  system  such  as 
application  method,  number  of  coats,  thickness,  and  cure  time/temperature  are 
given  In  Table  2. 

b.  Thickness/Uniformity  -  Thicknesses  were  measured  with  a 
Magne-Gage  at  three  points  across  the  six-inch  length  of  the  panel.  The 
approximate  thickness  of  each  protection  system  component  material  Is  shown  In 
Table  2,  The  total  protection  system  thickness  and  uniformity  Is  shown  in 
Table  3. 

c.  Coating  System  Adhesion  -  The  adhesion  of  the  candidate  coating 
systems  was  tested  as  follows: 

0  The  test  panel  was  cleaned  with  solvent  and  wiped  dry  with 
clean  cheeskloth  before  solvent  evaporation. 
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CandldMt0  Protection  Syeteme  Ovor: 


UnpMinAd  Typa  I 
IVD  Aluminum  Coiilcd 
SlMl  PantI 


Paanad  Typa  I 
IVD  Aluminum  Coatad 
Staal  Panal 


Paanad  Typa  II 
IVD  Aluminum  Coalad 
Staal  Panal 


Figure  3.  Typical  4-Inch  by  6-Inch  4130  Alloy  Steel  Test  Panel  Set  Processed  With 
Candidate  Internal  Surface  Protection  Systems. 
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TABLE  2.  PROCESSING  PROCEDURES  FOR  CANDIDATE  PROTECTtON 
SYSTEMS  APPUED  TO  PANELS. 


Protttction  Systtm 
Comporwnto 

Appficatlon 

Uathod 

Numbar 

oiCeata 

Approximate 
Comportant 
Thleknaas  (In.) 
Far  Coat 

Cure 

Tima/Tamparatu  ra 

Coatings  for  Industry;  Alsaal  516 

Spray 

2 

0.0015 

60  min  ^500^ 

Whltford:  Xytar  1 

Spray 

2 

0.0015 

200mln<8»500»F 

Sarmatvch:  Sarmetal  CR984-LT 

Spray 

2 

0.0008 

60  min  (S>  375f 

Epoxy  Primar 

Spray 

2 

0.0070 

60  min  ®  Room  Tamp 

PolysuHIda  Saalant 

Brush 

1 

0.0015 

45  min  |8>  160*F 

Polyurathana  Topcoat 

Spray 

2 

0.0015 

60  min  170*F 

Epoxy  Prinner 

Fill  and  Drain 

1 

0.0010 

30  min  ®  160»F 

Polysulfkfa  Saalant 

Fill  and  Drain 

1 

0.0100 

160  mln(^  IGO’F 

VVhWord:  P-92  Prtmar 

Spray 

2 

0.0003 

1Omin0>35O*F 

WhWord:  Xylan  101 4  Topcoat 

Spray 

2 

O.OOC3 

10  min  (S>  450*P 

WhWord:  P-92  Primar 

Spray 

2 

0.0004 

10minO>350*F 

Whltford:  Xylan  1010  Topcoat 

Spray 

2 

0.0004 

10mln(B)4SO*F  1 

Watarboma  Epoxy  Primar 

Spray 

1 

0.0010 

30  min  Q)  160*F 

Polysutikla  Saalant 

Spray 

2 

0.0015 

180  min  &  160*F 

Zinc  Phosphata 

Tank  Immarslon 

1 

0.0005 

Not  Required 

Epoxy  Primar 

Spray 

1 

0.0010 

60  min  (8>  Room  Tamp 

Polyurathana  Topcoat 

Spray 

2 

0.0015 

30  min  ®  200*F 

Epoxy  Primar 

Spray 

1 

0.0010 

60  min  Room  Temp 

Epoxy  Powdar  Coatlrtg 

Spray 

1 

0.0030 

15  min  ®  250f 

Wateiljoma  Epoxy  Prirnar 

Spray 

1 

0.0010 

60  min  ®  Room  Temp 

Epoxy  Powdar  Coating 

Spray 

1 

0.0030 

15min@250"F 

NADC  UnIcoat 

Spray 

1 

0.0050 

60  min  @  Room  Temp 

Epoxy  Powdar  Coating 

Spray 

1 

0.0030 

15min@250*F 

Epoxy  Powder  Coating 

Spray 

0.0030 

15nrJn@250*F 

Zinc  Phosphata 

Tank  Immersion 

1 

0.0002 

Not  Required 

Whltford;  P-92  f  ,imar 

Spray 

1 

0.0002 

10mln@350-F 

Whltford;  Xylan  1014  Topcoat 

Spray 

2 

0.0002 

10  min®  450“F 

Zinc  Phosphata 

Tank  Irmrurslon 

t 

0.0001 

Not  Required 

Whltford;  Xylan  561 1  Primar 

Spray 

1 

0.0010 

1 0  min  @  400*F 

Whltford;  Xylan  5251 

• 

Spray 

1 

0.0010 

10mln@400*F 

Manganesa  Phosphata 

Tank  liTxnersion 

1 

0.0005 

Not  Required 

Waterborne  Epoxy  Primar 

Spray 

1 

0.0010 

30  min  160*F 

High-Solids  Polyurathana  Topcoat 

Spray 

2 

0.0010 

30  rnin  ®  160*F 
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TABLE  3.  UNIFORMITY  AND  AVERAGE  THICKNESS  OF 
CANDIDATE  PROTECTION  SYSTEMS. 


Procittor; 

Proltctlon  SytUm 

Protection  Thicknm 
(mill) 

Averaiie 

Thickneu 

A 

1 

C 

(mill) 

MCAIR:Alseal  518 

3.0 

2.0 

— 

MCAIR:Xylarl 

3.3 

n 

3.6 

B 

Sermatech:  Sermetal  cn9&4-LT 

1.5 

1.6 

1.6 

1.6 

MCAIR;  Epoxy  Primer,  Potytulfide  Sealant, 
Polyurethane  Topcoat 

S.S 

5.6 

5.9 

5.7 

MCAIR:  Epoxy  Primer,  Polysultide  Sealant 
(Fill  and  Drain) 

11.5 

10.3 

13.5 

11.6 

MCAIR:  P-92  Primer,  Xylan  1014  Topcoat 

1.3 

1.3 

1.3 

1.3 

MCAIR:  P-92  Primer,  Xylan  1010  Topcoat 

1.7 

1.7 

1.7 

1.7 

MCAIR:  Waterborne  Epoxy  Primer, 

Polysultide  Sealant  ' 

4.8 

4.6 

Embee  Plating:  Zinc  Phosphate,  Epoxy  Primer, 
Polyurethane  Topcoat 

D 

H 

m 

4.3 

DeSoto:  Epoxy  Primer,  Epoxy  Powder  Coating 

D 

4.6 

DeSoto:  Waterborne  Epoxy  Primer,  Epoxy 
Powder  Coating 

D 

D 

B 

4.2 

DeSoto:  NADC  UnIcoat,  Epoxy'  Powdei  Coating 

7.5 

7.6 

6.1 

7.6 

DeSoto:  Epoxy  Powder  Coating 

3.9 

3.1 

2.6 

33 

Sunbelt  Coating:  Zinc  Phosphate,  P-S2  Primer, 
Xylan  1014  Topcoat 

0.8 

■ 

0.8 

0.6 

Sunbelt  Coaling:  Zinc  Phosphate,  Xylan  5G11 
Primer,  Xylan  5251  Topcoat 

1.3 

1.3 

1.4 

1.3 

MCAIR.  Manganese  Phosphate,  Waterborne 
Epo)7  Primer,  High-Solid* 

Polyurethane  Topcoat 

3.2 

H 

2.9 

I 

I 
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0  A  dry  tape  adhesion  test  using  3H  Company  #2S0  tape  was 
conducted  by  placing  a  one-inch  wide  strip  of  the  tape  across  the  panel 
pressing  the  tape  down  with  firm  hand  pressure  against  the  panel,  lifting  the 
loose  end  of  the  tape  to  an  angle  of  45  degrees  to  the  panel,  and  removing  the 
tape  from  the  panel  with  one,  abrupt  motion. 

0  A  4-  by  4-  by  1/8-inch  pad  of  cheesecloth  saturated  with 
tap  water  was  covered  with  polyethylene  film  and  taped  against  the  panel  for 
24  hours. 


0  After  24  hours,  the  pad  was  removed  and  the  panel  was 
wiped  dry  with  clean  cheesecloth. 


0  The  tape  test  was  repeated  within  2  minutes  after  removal 
of  the  water-soaked  pad. 

All  of  the  candidate  protection  systems  passed  the  dry  tape  and 
wet  tape  adhesion  tests. 


d.  Corrosion  Resistance  -  The  corrosion  resistance  requirement  for 
the  candidate  internal  surface  protection  systems  was  established  as  672  hours 
in  a  five-percent  neutral  salt  fog  environment  per  ASTM  B-117.  This  is  the 
same  requirement  that  MIL-C-83488  invokes  on  a  Class  1,  Type  11  IVD  aluminum 
coating.  There  are  three  classes  and  two  types  of  coatings.  Class  1  coatings 
are  the  thickest  and  are  generally  used  because  they  provide  the  best  corro¬ 
sion  resistance.  Class  2  and  3  coatings  are  thinner  and  are  generally  used 
for  parts  with  tolerance  limitations  such  as  fastener  threads.  Type  I  does 

iiUL  icCcivc  iciiiciiciii  jr  ik«a  i  pi  iiiy .  *jrpc  xi  iittd  a  )Upp  iciDciitfiV  j 

chromate  treatment  in  accordance  with  MIL-C-5541.  Type  II  coatings  are 
usually  recommended  because  the  chromate  conversion  coating  provides  addition¬ 
al  corrosion  protection  and  promotes  better  adhesion  of  most  paint-type 
topcoats. 
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The  wiajorlty  of  the  16  candidate  protection  systems  applied 
over  bare  steel  panels  not  only  met  but  far  surpassed  the  minimuni  67?  hour 
corrosion  resistance  requirement.  All  of  the  protection  systems  applied  over 
a  thin  IVO  aluminum  coating  (less  than  0.0003  Inch)  met  the  minimum  67?  hour 
requirement.  Minimum  corrosion  resistance  acceptance  as  well  as  corrosion 
resistance  duration  of  the  candidate  protection  systems  are  shown  In  Table  4. 

Figures  4  through  17  show  the  protection  systems  applied  to 
bare  (no  IVO  aluminum)  4-inch  by  6-1nch  alloy  steel  test  panels  that  met  the 
minimum  requirement.  Exposure  times  of  672  hours.  1344  hours,  and  longer  are 
shown  for  most  of  the  panels.  The  panels  were  put  Into  test  at  different 
times  and  therefore  have  various  periods  of  exposure.  Table  4  lists  hours  of 
exposure  to  the  corrosive  environment  through  April  1990.  Many  of  the  panels 
remained  In  test  after  this  d  te.  Final  salt  fog  duration  results  will  be 
Included  in  the  proceeding?  fgr  Phase  III  of  the  program. 

All  of  the  panels  processed  with  candidate  protection  systems 
applied  over  thin  IVD  aluminum  (less  than  0.0003  inch)  exhibited  outstanding 
corrosion  resistance  protection.  Figures  18  and  19  are  examples  of  protection 
systems  applied  over  thin  IVD  aluminum  that  are  still  In  test  for  2500  hours 
beyond  failure  of  the  same  protection  system  applied  to  bare  (no  IVD  aluminum) 
panels.  Whereas  the  supplemental  protection  system  offers  significant 
protection  by  Itself  on  bare  areas,  the  presence  of  some  IVD  aluminum  coating 
which  does  occur  on  portions  of  the  internal  surface  further  enhances 
corrosion  resistance. 


e.  Environmental  Impact  -  The  functional  merits  of  IVD  aluminum 
versus  cadmium  processing  have  been  thoroughly  discussed  In  the  Phase  I  Data 
gacg  Handbook  (Reference  1).  However,  the  most  important  reason  for  replacing 
cadmium  with  IVD  aluminum  at  the  ALCs  may  be  in  how  the  two  metals  and  their 
respective  processing  procedures  impact  the  environment. 


Aluminum  is  a  non-toxic  substance,  and  the  IVD  vacuum-coating 
process  is  a  dry,  environmentally  clean  process.  Cadmium,  on  the  other  hand, 
is  classified  as  toxic  to  humans;  waste  cadmium  must  be  handled  and  disposed 
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TABLE  4.  CORROSION  RESISTANCE  OF  CANDIDATE  PROTECTION  SYSTEMS 
IN  A  FIVE  PERCENT  NEUTRAL  SALT  FOG  ENVIRONMENT. 


Alloy  Steal  Teat  Panata 

ASTM-B117  Salt  Fog  Ra8iatar>ca 

Bara  Steal  | 

Thin  IVD  At  on  Bara  StacI 

672  hr 

Duration 

672  hr 

Duration 

(hra) 

Procatsor:  Saeraficlal  Protoction  Systom 

(hra) 

MCAIRiAImiI  518 

Paaaad 

6,048** 

Paaaad 

6,048** 

MCAIR;  Xylar  I 

Paaaad 

6,024*’ 

Paaaad 

6.024*’ 

Sarmatach:  Sarmatal  CR934-LT 

Paaaad 

1,704*’ 

Not  Tasted 

- 

Procaaaor:  Barriar  Protactlon  Syatam* 

MCAIR:  Epoxy  Primar,  Polytutfida 

Saalant,  Polyurathana  Topcoat 

Passed 

z.ire*’ 

Passed 

7,176** 

MCAIR:  Epoxy  Primar,  Polyaulfida  Saalant 
•Fill  and  Drain”  ,  ‘ 

Passed 

7,152** 

Passed 

7,152" 

MCAIR:  P‘92  Primar,  Xylan  1014  Topcoat 

Failed 

- 

Pesaed 

6,192" 

MCAIR:  P‘92  Primar,  Xylan  1010  Topcoat 

Failed 

Patasd 

3.672 

MCAIR:  Wataiborna  Epoxy  Primar,  PolyauHida 
Saalant 

Passed 

1,»80 

Paaaad 

6,024" 

Embao  Plating:  ZirK  Phoaphaia,  Epoxy  Primar, 
Polyurathana  Topcoat 

Passed 

6,206*' 

Passed 

5,208" 

DaSoto:  Epoxy  Primar,  Epoxy  Powdar  Coating 

Passed 

2,448 

Passed 

4,632" 

DeSoIo:  Waterborna  Epoxy  Primar,  Epoxy 

Powder  Coating 

Passed 

4,632** 

Passed 

4,632" 

DaSoto;  Navy  Uniooat,  Epoxy  Powdar  Coating 

Passed 

2,760 

Not  Tatted 

- 

DeSoto;  Epoxy  Powdar  Coating 

Passed 

4,536*’ 

Passed 

4,536" 

Sunbalt  Coatirvg;  Zinc  Pt^sphaia,  P‘92  Primar, 
Xy'an  1014  Topcoat 

Passed 

692 

Passed 

4.488 

Sunbalt  Coating:  'Snc  Pbosph7,ia,  Ziian  5611 
Primar,  Xyla  1 5251  Topcoat 

Passed 

1,368 

Not  Tested 

MCAIR:  Manganesa  Phosphate  Waterborna 

Epoxy  Primer,  High‘Solids 

Polyurathana  Topcoat 

Passed 

1,536" 

Not  Tested 

- 

a  Although  thosa  tytlemt  an*  dasigruilad  barriora,  lom*  ootnponvnl  malarial*  contain  laachaUa  compounda  ivliich 
provide  sacrtricial  prolection  ~  sea  Tabi*  1. 
b  Panels  are  *1111  in  wtt. 
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Conation  H»sitt»nc0  Spocimtnt 


Ban*  StMl 

Ovtrcoattd  Whh  AImsI  518 
672  Mount  -  5%  Neutral  Salt  Fog 


Bara  Steal  Bare  Steel 

Overcoated  With  Aleeal  518  Overcoated  With  Aleeai  518 

1,344  Hours  -  5%  Neutral  Salt  Fog  2,016  Moure  -  3%  Neutral  Salt  Fog 


Figure  4.  Corrosion  Resistance:  Alseal  518  Protection  System  Applied  to  Bare 
Alloy  Steel  Panels. 
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Corroalon  Rmsittane*  Sp#clm»n» 


Bara  StMt 

Ovarcoaiad  WHh  Xylar  1 
£72  Hours  -  5%  Nautrat  Salt  Foq 


Bars  Staal  Bars  Staal 

Ovsrcoaiad  WHh  Xylar  1  Ovorcoatsd  WHh  Xylar  1 

1,344  Hours  -  5%  Nsutral  Salt  Fog  5.016  Hours  -  5%  Noutral  Salt  Fog 


Figure  5.  Corrosion  Resistance:  Xylar  I  Protection  System  Applied  to  Bara 
Alloy  Steel  Panels 


Bara  StcMi 

Ovsrcoatird  With  Sarmelal  CR9B4>LY 
1,344  Hours  5%  Neutral  Salt  Fog 


Figure  6.  Corrosion  Resistance:  Semnetel  CR984-LT  Protection  System 
Applied  to  Bare  Alloy  Steel  Panels. 


CcrroBlon  SpBelimnt 


Bar*  StM) 

Prlmar,  Saalartt  and  Topcoat 
672  Houra  -  5%  Neutral  Salt  Fog 


Bara  Staal  Bart  Statl 

Primer,  Sealant  and  Topcoat  Primer,  Sealant  and  Topcoat 

1,344  Hour*  -  5%  Neutral  Salt  Fog  4,032  Houra  -  5%  Neutral  SaU  Fog 


Figure  7.  Corrosion  Resistance;  Epoxy  Primer,  Polysulfide  Seaiant,  Polyurethane 
Topcoat  Protection  System  Applied  to  Bare  Alloy  Steel  Panels. 


2b 


Corrogfon  fi»»l$i»neg  Spgelmgns 


B»m  (ttMl 

Ov«reoat»d  With  MCAIR  RIt  and  OnSn 
672  Houra  -  5%  Neutral  Salt  Fog 


Bart  Steel  Bart  Steel 

Ovarcoated  With  MCAIR  Fill  and  Drain  MCAIR  Rll  and  Drain 

1,344  Houra  -  5%  Nautral  Salt  Fog  4,032  Hour*  -  5%  Neutral  Salt  Fog 


Figure  8.  Corrosion  Resistance:  Epoxy  Primer,  Polysulfide  Sealant  "Fill  and  Drain 
Protection  System  Applied  to  Bare  Alloy  Steel  Panels. 


Conoalon  Raalatanoa  Spaelman* 


6«r»  StMl 

Ov«rcoa:  >d  WHh  W«t*rbom*  Piim»r  ind  Saalant 
672  Hour*  -  S%  Nautrat  Salt  Fog 


Bara  Stavl 

Watarboma  Primar  and  Saalant 
1,344  Hour*  -  5%  Nautral  Salt  Fog 


Fiflure  9.  Corrosion  Resistance:  Waterborne  Epoxy  Primer  and  Polysulfide  Sealant 
Applied  to  Bare  Alloy  Steel  Panels. 
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Coirotton  R^alatane*  Sptelmana 


tUr*  &iMt 

Phosphut*  Coating,  Prlmar  and  Paint 
S72  Houra  •>  5%  Nautral  Salt  Fog 


Bara  Staal  Bara  Staa) 

Phosphata  Coating,  Prlmar  and  Paint  Phoaphata  Coating,  Primar  and  Paint 

2,016  Houra  -  S%  Nautral  Salt  Fog  4,200  Houra  -  5%  Nautial  Salt  Fog 


Figure  10.  Corrosion  Resistance;  Zinc  Phosphate,  Epoxy  Primer,  Polyurethane  Topcoat 
Protection  System  Applied  to  Bare  Alloy  Steel  Panels. 


I 

I 

I 

I 
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Corrothn  Unlttane*  Sp»etimn 


Bum  StMt 


Bai«  StMi 


Primar  and  Powdar  Coating  Primar  and  Powdar  Coating 

672  Houra  -  S%  Nautral  Salt  Fag  1,344  Hour*  -  S%  Nautral  Salt  Fog 


Figure  11,  Corrosion  Resistance:  Epoxy  Primer,  Epoxy  Powder  Coaling  Protection 
System  Applied  to  a  Bare  Alioy  Steel  Panel. 


CcrroMlon  R»$laiMnca  Sp»climn 


Bant  StMt 

Watarborna  Prlmar  and  Powdar  Coaiing 
672  Houra  -  5%  Nautral  Salt  Pog 


Bara  Staa! 


Bara  Staal 


Waiarbcma  Prlmar  and  Powdar  Coating  Watarborna  Prlmar  and  Powdar  Coating 
1,344  Houra  -  5%  Nautral  Salt  Fog  3,624  Houra  -  5%  Nautral  Salt  Fog 


Figure  12.  Corrosion  Resistance:  Watettome  Epoxy  Primer  and  Epoxy  Powder 
Coating  Applied  to  Bare  Alloy  Steel  Panels. 
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Figure  13.  Corrosion  Resistance:  Navy  Unlcoal  and  Epoxy  Powder  Coating 
Protection  System  Applied  to  Bare  Alloy  Steel  Panels. 


I 


Corrothn  Sp«ebmn§ 


item  StMl  Bara  Staat 

Powdar  Coating  Powdar  Coating 

672  Houra  •>  5%  Nautral  Salt  Fog  1,344  Hours  -  S%  Nautral  Salt  Fog 


Bara  Stool 
Powdor  Coating 

3,528  Houra  ~  5%  Nautral  SaH  Fog 


Figure  14.  Corrosion  Resistance:  Epoxy  Powder  Coating  Protection  System  Applied 
to  Bare  Alloy  Steel  Panels. 


Corrothn  Rtbtttne*  Sp»clm»n» 


B«r«  StMl 

Zinc  Photphat*!,  Zinc-Rich  Prlrnar  and  On*  Coal  o!  Xylan  5000  Sarlas  Coating 
1,008  Houn  -  SIC  Nautral  Salt  Fog 

Figure  IS.  Corrosion  Resistance;  Zinc  Phosphate,  Zinc*Rich  Primer,  Xylan  5000 
Scries  Topcoat  Protection  System  Applied  to  Bare  Alloy  Steel  Panels. 
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CorroBlon  R»al»tanoB  Spaelmana 


Ban  Staal 

Phoaphata  Coating,  Pritna  and  Xylan  1014 
672  Houra  >  S%  Nautrai  Salt  Fog 

Figure  16.  Corrosion  Resistance;  Zinc  Phosphate,  P*92  Primer,  Xylan  1014  Topcoat 
Protection  System  Applied  to  Bare  Alloy  Steel  Panels. 
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Cerrothn  ffMtetano#  5p«c//n*nc 


Bur*  StMl 

PhotphBta,  Watarborm  Prlmar,  Hlgh*SoildB  Topcoat 
672  Houni »  S%  Noutral  S«tt  Fog 


Figure  17.  Coirosian  Resistance:  Manganese  Phosphate,  Watertx>me  Epoxy  Primer, 
High-Sclids  Polyurethane  Protection  System  Applied  to  Bare  Alloy 
Steel  Panels. 
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Corroalon  RnlatMnt  Sp^eknan 


IVD  Aluminum  Cooled  Steel  Panel  -  Peened,  Type  II 
Overcoaled  WHh  Waterborne  Primer  and  Sealant 
672  Houra  -  S%  Neutral  Salt  Ppo  1,344  Houra  -  S%  Neutral  SaH  Fog 


4*. 


IVD  Aluminum  Coated  Steel  Panel  -  Peened,  Type  ll 
Overcoaled  With  Waterborne  Primer  and  Sealant 
2,688  Houra  -  5%  Neutral  Salt  Fog  5,424  Houra  -  5%  NoutmJ  Salt  Fog 

Figure  18.  Corrosion  Resistance:  Waterboma  Ep>oxy  Primer  and  Polysutfide 

Sealant  Protection  System  Applied  to  Alloy  Steel  Panel  Coated  With 
Thin  IVD  Aluminum. 


of  i  hazardous  »aste  by  approved  Occupational  Safety  and  Health 
Administration  (OSHA)  and  Environmantal  Protection  A^oncy  (EPA)  procedures. 
?n  addition,  electroplated  cadmium  processing  introduces  additioral  hazardous 
materials,  such  as  cyanide  in  the  plating  bath,  '*’hich  must  be  controlled.  The 
thrust  to  eliminate  cadmium  processing  at  the  ALCs  will  reduce  hazardous  waste 
production  and  improve  environmental  compliance  in  general. 

It  Is  Important  there >  =■;  v'^r  cupplsmental  processing  that  is 
performed  in  conjunction  with  normal  ivD  aluminum  processing  be  environmen¬ 
tal  ly  compliant.  Table  £  addresses  the  environmental  compliance  of  the 
candidate  protection  systems.  MCAIS  Included  barrier-type  coatings  in  the 
evaluation  that  currently  meet  the  most  st«“i»gent  aerospace  volatile  organic 
compound  {VOC)  regulations.  Current  aircraft  paint  primers  contain  ch/cmium 
corrosion  inhibitors  which  will  be  controlled  by  air-coric  regulations  that 
are  currently  being  enacted,,  The  Aerospace  Industry  is  currently  evaluafin;! 
alternate  corrosion  Inhibitors. 

2.  Sifii'ulatbd  Production  details 

fOur-inch  diameter  by  18-inch  long  4130  alloy  steel  cylinder:?  yore 
selected  to  simulate  production  details  such  as  landing  gear  details.  .If tor 
being  processed  with  IVD  sliiminum,  these  detail  parts  yere  adequat’ily  coated 
on  external  surfaces  and  on  internal  surfaces  for  e  distance  of  about  four 
inches:  from  each  end.  The  remairing  ten  mches  of  Iftiernal  surface  in  the 
middle  of  tfia  cylinder  received  a  very  thin  (less  than  0.CD02  inch)  cooling 
which  transltioiied  to  no  coatiny  at  a’l  (see  Figorw  2).  Ten  JVD 
aluminurr-eoated  cylinders  were  further  processed  with  Uc  supplemental 
internal  surface  protection  systemi  listed  in  Table  The  cylinoers  were 
then  sectioned  lengthwise  {figur®  20).  .Tfter  thickness  anJ  unifornity  were 
measured,  the  supplemental  protection  systems  were  tested  for  adnesicn  and 
corrosion  resistance. 


TABLc  S,  HEALTH  AND  tWYlRONMEMTAL  IMPACT  GF  CANDIDATE  PRO'iT-CTION  SYSTITEMS 


Volatile  OrgarL't:  i 

Contpou.)d  (VOC)  | 

Paracna.'  Expoauns 

Candldat*  Protection  Syt^tem 

AcIukI 

(gratntIHar) 

South  Callfo/nla  I 
LimH  . 
(grams/ltter)  j 

Cwclno^^ 

UtinH(PEL)ef 

Sorvant^ 

aims!  St3 

0 

420 

Y#a 

- 

Xylorl 

0 

420 

Yaa 

- 

Sormatel  CR984-LV 

0 

420  1 

Yaa 

- 

Epoxy  Primer 

STB 

350 

Xm 

JO 

PolyKul^e  Sualant  (Bruih) 

S^7t 

No 

100 

Pclyui’othan*  Topuoat 

SdO 

420  1 

No 

» 

Epoxy  PrirTMr 

STS 

U4C 

Yaa 

voo 

Polysulfida  Saalant  (Rli  and 

Drain) 

403 

600 

No 

iOO 

Jp-5i£  Primar 

350 

No 

10 

/ylan  1014  Topcoat 

420 

No 

10 

P*W  Pilmar 

.-^ao 

No 

10 

Xylan  1010  Topcoat 

420 

No 

10 

Watarbome  Epoxy  Primar 

350 

Yaa 

2S  t 

Poiyeulfiua  Sealant  (I'pray) 

Kd 

100 

Zinc  Phosphate 

Tea 

- 

Epoxy  Prinrtar 

350 

Yae 

100 

Polyuratiutr,.')  Topcc’it 

420 

No 

25 

Epoxy  “rimor 

675 

350 

Yaa 

100 

Epoxy  Povr^^rCoiting 

0 

<20 

No 

Waterbom-  Epoxy  Primer 

345 

3C0 

Yaa 

25 

Epoxy  Powder  Coating 

0 

420 

jr-JADC  Uniooat 

420 

ISOO 

Nv. 

60  y 

(Epoxy  Powdet  CoKiit^ 

0 

42v; 

! 

\ 

!  Epoxy  Powder  Coating 

0 

420 

No 

- 

jZne  Phosphate 

Yaa 

- 

1  P-92  Prifsvt.' 

815 

^Kfi 

IbJU 

4  A  1 

IV  1 

Ixytan  lOhJ 

1  769 

420 

No 

1C 

iZitu:  Fhosphate 

0 

Yaa 

.. 

jXyJanSeil  Primar 

S8C 

3W 

Yaa 

100 

jXyianS2£1 

S83 

420 

Yaa 

1 

I  Mar^anaaa  Pheaphata 

C 

Yaa 

•e 

EWalsrbonte  Epoxy  Primer 

346 

3R0 

Yaa 

25 

stligh-Solids  Polyurathant  Topcoat 

1 

420 

No 

50 

A  tkxith  Coast  Ak  Quality  ii^aruiQomBiil  Hute  1  iZ4  ••  currant  or  schaduiod  ragi.'Mion. 
b  '‘Va«*  niatarlalc  conUii  cirronAmn  oo.'.73lon  Iniilbttor.v 
c  Lowest  P2L  if  mora  Ovan  one  eotvanL 
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TABLE  6.  SUPPLEMENTAL  PROTECTION  SYSTEMS  APPUED  TO  TWE  INTERNAL 
SURFACES  OF  THE  4-INCH  DIAMETER  BY  HHNCH  LONG  CYUNDERS. 


j  Prooaaaor:  Protection  System  j 

MCAIR 

•Alseal5ie 

•  Alceal  51 8.  Waterborne  Primer.  Polyurethane  Topcoat 

•  Watertxime  Primer,  Polysulfids  Sealant  (Sprayed) 

•  Waterborne  Primer,  Polysulfide  Sealant  (Bruahad) 

•  Waterborne  Primer,  Polysulfide  Sealant  (FU  artd  Drain) 

•  Epoxy  Primer,  Polj^utflde  Sealant,  Polyurethane  Topcoat 

Embee  Plating 

•  Manganese  Phosphate,  Epoxy  Primer,  Polyurethane  Topcoat 

Embee/MCAIR 

•  Manganese  Phosphate,  WaierbotTM  Primer,  High-Solids  Polyurethane  Topcoat 

DeSoto 

•  Epoxy  Primer,  Epoxy  Powder  Coating 

•  Waterborne  Primer,  Epoxy  Powder  Coating 

Mar>san»M  Pho«pha1«,  WaUttom*  Prtmar, 

Hlgh<SoIid<  Polyurathcn*  Enam«l  Topcoat 

Figure  20.  4-Inch  Diameter  by  18-lnch  Long  Cylinder  Sectioned 
After  Processing  For  Testing. 


QPOV018O-25 
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a.  Processing  Paranieters  -  The  bare  steel  cylinders  were  processed 
in  the  following  sequence: 

(1)  IVD  aluminum  preclean  -  Standard  precleaning  was  used 
which  consists  of: 


0  Solvent  vapor  degreasing  to  remove  organic 
contaminants  from  the  part  surface  such  as  grease  and  oil  films,  cutting 
fluids,  and  corrosion  prevention  compounds. 


0  Grit  blasting  at  80-70  psi  with  aluminum  oxide  to  abra- 
.  sively  remove  surface  oxides.  Note:  Clean,  dry  air  Is  required. 

(2)  IVD  Aluminum  Application  -  The  cylinders  were  coated  with 
IVD  aluminum  per  HIL-C-83488,  Class  1.  Type  II.  Class  1  requires  a  minimum  of 
0.001  inch  of  coating  on  the  external  surfaces  of  the  cylinders.  Type  11 
requires  that  the  aluminum  coating  be  treated  with  chromate  conversation 
coating  per  MIL-C-5541. 

(3)  IVD  aluminum  post-coat  procedures  -  The  following 
procedures  were  performed  on  all  of  the  cylinders  except  for  the  one  that  was 
further  processed  with  Alseal  518: 


0  The  IVD  aluminum  coating  was  burnished  (peened)  with 
glass  beads  at  40  psi  prior  to  chromate  conversation  coating.  Burnishing  not 
only  Improves  corrosion  resistance  by  densifying  the  coating  but  also  serves 
as  a  simple,  supplemental  adhesion  check  of  the  coating. 


0  All  of  the  cylinders  were  chromated 
of  peening  per  the  following  procedure: 


within  24  hours 


seconds. 


Immerse  cylinders  in  Alodine  1200  solution  for  30 
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Rinse  cylinders  thoroughly  with  ambient 
tempereture  tap  water  to  remove  a11  excess  Alodine  1200  solution. 

-  Blow  the  cylinders  dry  Immediately  with  clean,  dry 

compressed  air. 


and  moisture. 


Protect  the  chromated  cylinders  from  contamination 


Note;  Peening  deoxidixes  the  IVD  aluminum  coating  and 
enables  a  complete  chemical  reaction  between  the  IVD  aluminum  coating  and 
chromate  conversion  solution.  Repeen  the  IVD  aluminum  coating  If  chromating 
does  not  occur  within  24  hours. 

Exception:  The  cylinder  processed  with  Alseal  518  was 
peened  and  chromateu  after  the  Alseal  518  was  applied. 

(4)  Supplemental  Protection  System  Application  -  The  cylinders 
were  then  further  processed  with  the  various  Table  6  protection  systems  per 
the  applicable  Table  7  procedure. 

b.  Thickness/liniformity  -  The  total  coating  system  thickness  and 
uniformity  as  measured  with  a  Oualscope  is  shown  In  Table  B. 

c.  Coating  System  Adhesion  -  The  Mil-specs  controlling  the 
components  of  the  various  barrier-type  protection  systems  all  Impose  stringent 
coating  adhesion  testing  for  material  qualification.  AVI  barrier-type 
coatings  that  were  applied  to  cylinder  Internal  surfaces  were  qualified 
mil-spec  materials  other  than  powder  coating.  The  basic  requirements  for 
materials  with  proven  good  adhesion  characteristics  is  proper  substrate 
cleaning  and  application  of  the  material.  The  liiternal  surfaces  were  already 
basically  clean  from  IVD  aluminum  processing  but  were  grit-blasted  again  Just 
prior  to  application  of  the  protection  syste-m  components  per  Table  7.  The 
Inherent  adhesion  of  Alseal  518  sacrificial-type  coatings  is  not  as  good  as 


42 


TABLE  7.  PROCESSING  PROCEDURES  FOR  SUPPLEMENTAL  PROTECTION 
SYSTEMS  APPLIED  TO  INTERNAL  SURFACES. 


Froctstor.  Protection  SyitomO 

Procaaslng  Proctdnra 

MCAIFt:  Ateail  518 

Cvtlnder  Proceduro  -  Surlaca  Wax  Gilt  Blasted  With  Aluminum 

Oxide  Grit  It  60  pal.  One  Coit  of  Aseal  518  Was  Spray  Applied 

Uting  Conventional  Air  Spriy  Equipment  With  a  00*  Spray 

Extention.  The  Hrat  Coat  Was  Cured  at  Room  Temperature  for 

15  Mlnutet,  Then  Baked  At  175*F  (or  45  Mlnutea.  A  Second  Coat 

Wat  Applied  and  Baked  at  17S*F.  The  Completed  Coating  Wu 

Then  Cured  at  500*F  (or  60  Mlnutea.  The  Cylinder  Wee  Cut  In 

Two  Sections.  Ths  Aseal  518  Cctting  Wu  Giats  Bud  Puned  at 

25  pit  to  Burnish  tits  Coating  tor  Electrical  Conductivity 

MCAIR;  AhtuI  51 B,  Waterbomi  Primer. 
Polyurethane  Topcoat 

Recommended  Production  Procedure  -  In  Production,  a  380* 

Spray  Extension  Should  Be  Used  (or  Ail  Internal  Diamatar  Spray 
Appllcationt. 

The  Glass  Bud  Peening  Would  Be  Petlormed  Using  a  00* 

Nozzle.  The  Aseal  SIS  Would  Be  Overcoaled  With  One  Coat  ol 
Primsrand  Two  Coats  ot  Polyurethani  Topcoat 

Cylinder  Procedure  -  A  Cylinder  Processed  With  Asut  51 B  Was 

Then  Coated  With  One  Coat  ot  MIL-P*BS582  Waterborne  Primer 
and  Two  Coats  ot  MIL-C>83286  Gloss  Whits  Polyurathans 

Erwmel.  Ail  ot  the  Coatings  Wen  Spray  Applied  Uting  Conven¬ 
tional  Air  Spray  Equipment  With  a  90*  Spray  Extension.  Each 

Coat  Was  Baked  (or  30  Minutes  at  1S0*F 

MCAIR'  Waterborne  Primer,  Polysulfide 
Sealant  (Sprayed) 

Recommended  Production  Pipcetlure  -  A  360*  Spray  Extension 
Should  Be  Used  tor  AJI  Internal  Diameter  Spray  Appllcationi. 

Cvtlnder  Procedure  -  Surtaee  Was  GiU  Bbstod  With  Aluminum 

Oxide  Grit  at  60  psi.  One  Coat  ot  MIL-P-B55S2  Watert>ome 

Primer  Wat  Spray  Applied  Using  Conventbnal  Air  Spray 

Equipment  With  a  90*  Spray  Extension.  The  Primir  Was  Cured 
(or  30  Mlnutet  at  160*F.  One  Coat  of  MIL-S-B3430  Polyiutfide 

Sealant  Was  Spray  Applied  and  Allowed  to  Cure  for  24  Hours  at 

Room  Temperature.  Clast  A-4  Sealant  Wat  Thinned  30  Percent 
by  Volume  With  Toluene  A  Second  Coat  of  Sealant  Was  Spray 
Applied.  The  Coating  System  Was  Cured  for  7  Days  at  Room 
Temperature 

MCAIR:  Watertxjrne  Primer,  Polyeutflde 

Rpcommended  Production  r^focedure  -  A  360*  Spray  Extension 
Should  Be  Used  for  Ail  IntornaJ  Diamator  Spray  Appticationa. 

wyitftUiii  1  iwwvuUIii  ««o«  vain  vqiiil  n^Miiiiiiuiii 

Oxide  GrK  at  60  psI.  One  Coat  of  MIL-P-B5582  Waterbomi 

Primer  Was  Brush  Applied  end  Baked  for  30  Minutes  at  iSQ'T. 

One  Coat  of  MIL-S  63430  Polysulfied  Sealant  Was  Baish 

Applied  and  Allowed  to  Cura  tor  24  Hours  a!  Room  Temperature. 
Class  A-1/2  Sealant  Was  Thinned  10  Percent  by  Volume  With 
Toluene.  A  Second  Coat  ot  Sealant  Was  Brush  Applied.  The 

Coating  System  Wu  Cured  (or  7  Days  at  Room  Temperature 

Recommended  Production  Proceduro  -  Ssmo  as  Cylinder 

Procedure 

X  5m  Table  1  for  auiipUar,  prucetior  and  MH-tpx  InlormaCkm. 
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TABLE  7.  PROCESSING  PROCEDURES  FOR  SUPPLEMENTAL  PROTECTJON 
SYSTEMS  APPUED  TO  INTERNAL  SURFACES  (CONTINUED). 


Proemor:  Prottction  System* 


ProcMSIng  PmMiun 


MCAIR:  Watertomc  Primer,  Polysulfkle 
Sealant  {Fill  and  Drain) 


Cylinder  Procedure  ~  Surlace  Wai  Grtt  Blattid  With  Aluminum  Oxide 
Grit  at  60  psl.  The  Cylinder  Wai  RU  and  Drain  Coated  With 
One  Coat  of  MIL-P-65682  Watertome  Primer  and  Baked  lor  30 
Minutes  at  160*F.  The  Cylinder  Wai  Fill  and  Drain  Coated  With 
MIL-S-83430  Potyiuhide  Sealant  and  Allowed  to  Cure  for  24  Hours  at 
Room  Temperature.  Clast  A'1/2  Sealant  Wat  Thinned  30 
Percent  by  Volume  With  Tolune.  A  Second  Coat  of  Sealartt  Was  and 
Drain  Applied.  The  Coatlno  System  Was  Cured  lor  7  Days  at  Room 
Temperature. 


Recommended  Production  Procedure «  Same  as  Cytlndar  Ptocedurs. 


MCAIR:  Epoxy  Primei  Potysultide  Sealant, 
Polyurethane  Topcoat 


Cylinder  Procadiire  -  Surlace  Was  Grit  Blastad  With  Aluminum  Oxide 
Grit  at  60  psl.  Two  Coats  ot  MIL*P-23377  Primer  Were  Brushed 
Applied  With  a  30  Minute  Bake  a!  160*F  After  Each  Coat.  One  Coat  of 
MIL-S-83430  Potysultide  Was  Brush  Applied  and  Allowed  to  Cure  for 
24  Hours  at  Room  Temperature.  Class  A*1/2  Sealant  Was  Thinned  10 
Percent  by  Volume  With  Tolune.  Two  Coats  oi  MIL-C-B3266  Gloss 
White  Polyurethane  Enamel  Wert  Brushed  Applied.  The  Coahny 
System  Wee  Cured  for  7  Days  at  Room  Tempemturt. 


Recommended  Prodiictlon  Procedure  -  Same  at  Cylinder  Procedure. 


Embae  Plating;  Manganese  Phosphate. 
Epoxy  Primer, 
Polyurethane  Topcoat 


Emboe/MCAIR.  Manganaee  Phosphate, 
Waterborne  Primer, 
HIgh-Solids  Polyurethane 
Topcoat 


Cylinder  Procedure  -  Surface  Was  Grit  Blasted  With  Aluminum  (hide 
Grit  at  60  psl  and  Manganese  Phosphate  Coated  Per  MIL-P-16232. 
One  Coat  of  MIL-P-23377  Primer  and  Two  Coats  ol  MIL'C-B3266 
Gloss  White  Polyurethane  Enamel  Were  Spray  Applied  Using 
Conventiorral  Air  Sprsy  Equipment  With  a  360*  Spray  Exteniion. 

Each  Coat  Wat  Cured  at  Room  Temperature. 

Recommended  Production  Piocedure  -  Same  as  Cvilndg.  Procedures. 

Cylinder  Procedure  -  Surlace  Was  Grit  Blasted  With  Aluminum  Oxide 
Grit  at  60  psl  and  Manganese  Phosphate  Coated  Per  MIL-P*16232. 
One  Ccai  ot  MiL-P-85582  Wetertwme  Primer  Was  Spray  Applied 
Utilng  Conventional  Air  Spray  Equipment  With  a  360*  Spray  Extension 
The  Primer  Was  Cured  at  Room  Temperature.  Two  Coats  ot 
M1L-P*85285  Gloss  White  High  Solids  Polyurethane  Topcoat  Were 
Spray  Applied  Using  Conventional  Air  Spray  Equipment  With  a  90” 
Spray  Extension.  Each  Coat  ol  Topcoat  Was  Baked  at  160*F  (or 
30  Minutes. 

Recommended  Production  Piocedurea  -  A  360*  Spray  Extension 
Should  Be  Used  (or  All  Internal  Diameter  Spray  Applications. 


a  See  Table  1  lor  Ripptx,  processor  ind  Mil-spec  knormabon. 


TABLE  7.  PROCESSING  PROCEDURES  FOR  SUPPLEMENTAL  PROTECTION 
SYSTEMS  APPUED  TO  INTERNAL  SURFACES  (CONCLUDED). 


Procttur:  Protection  Syttem* 


DeSoto;  Epoxy  Primer.  Epoxy 
Powder  Coating 


DeSoto;  Waterborne  Primer,  Epoxy 
Powder  Coating 


Proceetlm  Proeaitra 


Cylinder  Procedure- Surtece  Wai  Grit  Blastad  With  Aluminum  Oxide 
Grit  at  60  psi.  The  Cylinder  Wai  RU  and  Drain  Coated  With  One  Coat 
of  MIL-P-23377  Primer.  The  Primer  Wai  Cured  at  Room  Temperature. 
DeSoto  Epoxy  Powder  Coating  Was  Applied  Using  a  Ruidized  Bed.  The 
Powder  Coating  Was  Cured  at  2M*F  ^  15  Mnutes. 

Recommended  Protluctlon  Procedure  -  Sams  as  Cylinder  Procedure. 


Cylinder  Procedure  -  Surhce  Was  Grit  Blasted  With  Aluminum  Oxide 
Grit  at  60  psI.  The  Cylinder  Was  Rll  and  Drain  Coated  With  One  Coat 
of  MIL-P-8S582  Waterborne  Primer.  The  Primer  Was  Cured  at  Room 
Temperature.  DeSoto  Epoxy  Powder  Coating  Was  Applied  Using  a 
Fluidized  Bed.  The  Powder  Coating  Was  Cured  at  2^’f  lor 
15  Minutes. 

Recommended  Production  Procedure  -  Same  aa  Cylinder  Procedure. 


a  Sw  Table  1  for  suppkar,  procetiur  and  MU-spec  kiformation. 


TABLE  8.  UNiFORMfTY  AND  AVERAGE  THICKNESS  OF  SUPPLEMENTAL 
PROTECTION  SYSTEMS  (CYUNDER  INTERNAL  SURFACE). 


C 


Prolaetlon  Thlskneu  (mile) 

□ 

Average 

Thickneu 

(mils) 

Proemor: 

Proltction  Systam 

*  J 

»  I 

D 

D 

a 

D 

D 

D 

a 

Dl 

m. 

MC/UR:  Alsaat  518 

25 

2.8 

2.5 

1.3 

1.9 

2.2 

1.3 

2.3 

3.6 

2.1 

2.4 

MCAIR:  Alseal  SI  8,  Waterborne  Primer, 
Polyurettiane  Topcoat 

5.0 

3.8 

4.9 

3.6 

S.O 

3.9 

2.6 

3.3 

3.7 

3.1 

3.9 

MCAIR;  Waterborne  Primer,  PolyiuKldB 

Sealant  (Sprayed) 

4.2 

6.8 

6.6 

9.5 

6.5 

6.1 

5.5 

8.2 

7.3 

4.1 

5.7 

8.1 

6.6 

MCAIR;  Waterborne  Primer, .Polyeulflde 

Sealant  (Brushed) 

4.1 

4.3 

4.4 

5.3 

4.5 

2.8 

3.5 

3.5 

3.0 

3.3 

2.8 

2.6 

3.7 

MCAIR;  Waterborne  Primer,  PolyeuKide 

Sealant  (Fill  end  Drain) 

S.S 

S.S 

9.1 

62 

10.4 

9.3 

8 

10.2 

10.5 

10.1 

8 

10.1 

S.3 

MCAIR;  Epoxy  Primer,  Potyeuifide  Sealant, 
Polyurethane  Topcoat 

5.2 

S.B 

4.3 

4.4 

4.3 

5.5 

5.0 

4.9 

4.8 

1 

4.8 

Embee  Plating;  Manganese  Phosphate,  Epoxy 
Primer,  Polyuretharie  Topcoat 

3.2 

3.6 

3.8 

3.3 

3.2 

3.0 

3.0 

3.8 

3.5 

3.3 

Embee/MCAIR;  Manganese  Phosphate. 

Waterborne  Primer,  Hlgh-SoIids 
Polyurethane  Topcoat 

3.7 

3.5 

3.3 

3.4 

4.0 

3.7 

3.3 

3.7 

1 

3.6 

4.1 

3.7 

DeSoto;  Epoxy  Primer,  Epoxy  Poerder  Coating 

m 

2.S 

2.9 

3.2 

4.2 

4.1 

4.3 

4.1 

3.0 

2.8 

3.6 

3.4 

DeSoto;  Waterborne  Primer,  Epoxy 

Powder  Coating 

11.0 

3.9 

9.9 

S.O 

L!! 

9.6 

11.4 

8.2 

5.2 

5.5 

7.6 

I 

I 


46 


that  of  pr1»ers.  sealants,  and  topcoats.  The  controlling  specification, 
HIL-C-B1751,  does  require  coating  adhesion  after  an  alloy  steel  test  coupon  Is 
Pent  around  a  one-inch  diameter  aandrel.  NCAIR  has  no  reservations  about  the 
adhesion  adequacy  of  Alseal  518  type  coatings  for  Internal  surface 
applications. 

d.  Corrosion  Resistance  -  A  ■iniRum  corrosion  resistance  of  672 
hours  In  a  five-percent  neutral  salt  fog  envlroninent  was  also  required  for  the 
various  protection  systems  applied  to  the  cylinders.  The  672-hour  requirement 
was  met  with  eight  of  the  10  protection  systems  (Table  9).  Similar  to  the 
test  panels,  most  of  the  salt  fog  duration  times  easily  surpassed  the  672  hour 
requirement.  Figures  21  through  30  show  the  cylinders  after  672  and  1344 
hours  of  exposure.  Table  9  lists  hours  of  exposure  through  April  1990.  Final 
salt  fog  duration  results  will  be  Included  in  the  proceedings  for  Phase  III  of 
the  program. 


The  two  protection  systems  that  failed  showed  minute  amounts  of 
red  rust  In  several  small  craters  in  the  topcoat  that  extended  to  the  primer. 
They  appear  to  have  resulted  from  either  outgassing  during  an  improper  cure 
cycle,  poor  wetting,  or  contamination.  Althougii  these  areas  are  so  small  that 
they  are  not  visible  In  either  Figure  28  or  30,  they  are  Indicative  of  the 
critical  need  for  proper  application  of  barrier-type  protection  systems. 

D.  SUPPORTING  DATA 

MCAIR  had  previously  tested  some  of  the  materials  used  as  protection 
systems  and/or  protection  system  components-  Selection  of  thee?  materials  as 
candidate  protection  system  materials  was  based  on  previous,  positive  experi¬ 
ence  with  the  material  and/or  material  system. 

0  Alseal®  518  -  MCAIR  had  demonstrated  that  Alseal  518  can  be  success¬ 
fully  applied  to  damaged  IVD  aluminum-coated  steel  panels.  MCAIR  also  applied 
Alseal*  518  to  on  alloy  steel  panel,  scribed  it  and  exposed  the  panel  to  a 
five  percent  neutral  salt  fog  environment  for  9,000  hours  without  substrate 
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TABLE  9.  CORROSION  RESISTANCE  OF  SUPPLEMENTAL  PROTECTION 

SYSTEMS  APPLIED  TO  INTERNAL  CYUNDER  SURFACES  IN  A  FIVE 
PERCENT  NEUTRAL  SALT  FOG  ENVIRONMENT. 


Alloy  StMl  Cyllrxtor  Irrtornal  Surtac* 
ASTM-Blir  Salt  Fog  RosIvUnoo 


Prooooaor:  Sacmficlal  Protoctlon  Syatam 

•72  hr 

Duration 

MCAIR:  AtaMtl  518 

Pwuad 

1,778'* 

MCAIR:  Als^al  518.  Watarbomo  Prirmr. 

Polyurathana  Topcoat 

Pataad 

i.saa" 

Procaaaor:  Baniar  Typa  Pirotactlon  Syatam* 

MCAIR:  Watarboma  Primar,  PolysuHIcia 

Saalant  (Sprayad) 

Pasaad 

1.776** 

MCAIR:  Watarboma  Primar.  PolysultWa 

Saalant  (Bruthad) 

Passad 

2,208" 

MCAIR:  Wataiboma  Prinnar.iPolysulllda 

Saalant  (Fill  and  Drain) 

Passtd 

2,208  " 

MCAIR:  Epoxy  Primar,  PolysulfUa  Saalant, 
Polyurathana  Topcoat 

Passad 

2.203  " 

Ernbaa  Plating:  Manganata  Phosphata 

Epoxy  Primar,  Polyuialhane  Topcoat 

Pasaad 

1,776" 

Embea/MCAIR:  Manganase  Phosphata, 

Watarborna  Primar,  High-Solids 
Polyurathana  Topcoat 

c 

1.34A" 

DaSuto:  Epoxy  Primar,  Epoxy  PoM>ctar  Coating 

Passad 

1.344" 

DoSolo:  Watarborna  Primar.  Epoxy  Powdar  Coating 

c 

1.344" 

■  Althoiigh  v«  0»«)grMl9d  soma  oomponant  malwiait  ocmtain  laachab)* 

compounds  whic^  provtda  itoma  ctiemical  prolsctton  -  toe  Table  1. 
b  Cyllndort  are  ttw  In  Iml 

c  Topcoat  oontainad  soverol  small  cxaloni  extending  to  pdmer  0041L  Pcnd-polnl  mwm  ol  red  rust  In 
aatert  obsatvad  at  C72  hours.  Spadmere  left  in  test,  erith  rto  addittonal  dagradatton  through  noted  durabon. 


Q^tmter  Cotro^km  r<*»’  fpnii—n 


/Um*I  B1« 

1,M4  Houn  -  8%  Nautml  Salt  Fog 


Figure  21.  Corrosion  Rasislancs:  AIs«al  518  Protection  System  Applied  to  Cylinder 
Intemsi  Surface. 


Cytndtr  Cwrwtlon  Spaceman 


AJaaal  S1(,  Walafboma  Prltnar,  Polyuialharia  Topcoat 
C73  Hour*  -  S%  Naulral  Salt  Fog 


CyKnOtf  C^rrothff  Tmt  Spoekmn 


Watarbom*  Primer,  PolyauH^d*  SMlerrt  (Spray  AppUacQ 
073  Hour*  - 1%  Mutral  SaJt  Pop 


WalerbctTM  Primer.  PolyeuHlrie  Sealant  (Spray  Applied) 
,  ,1  Hou  ra  -  Sth  Neutral  Salt  Fog 


Figure  23.  Corrosion  Resistance:  Waterborne  Primer,  Polysulfide  Sealant  (Sprayed) 
Protection  System  Applied  to  Cylinder  Internal  Surface. 


Cy/lnder  Corroilon  Teel  Specimen 


WatertxirTie  Primer,  Polytulllcie  Seelint  (Brueh  Applied) 
673  Hour*  -  5K  Neutral  Salt  Fog 


i  Hours  -  Sit  Neutral  Salt  Fog 

Figure  24.  Corrosion  Resistance:  Watorborne  Prliiior,  Polysulfide  Sealant  (Brushed) 
Protection  System  Applied  to  Cylinder  Internal  Surface. 
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Cylinder  Cairotlan  Tttri  Sptckntn 


Wattrbom*  Prlmar,  Polyauifkit  SMtam  (FlU  and  Drain  ApftIM) 
672  Keura  -  B%  Nautral  Salt  Fog 


Walartwma  Priinar,  Polyaultida  Saalant  (Fill  and  Drain  ApplMf) 
,  1,344  Houn  -  S%  Nauttal  Sail  Fog 


Flflure  25.  Corrosion  Resistant:  Waterborne  Primer,  Polysulflde  Sealant  (Fill  and 
Drain)  Protection  System  Applied  to  Cylinder  Internal  Surface. 


Cylinder  Com^ldn  Toaf  Sptdmdn 


Epoxy  Prlmar,  PolyauHIda  Saalant, 
PolyuratltarM  Enamal  Topcoat 
672  Houra  -  5%  Nautral  Salt  Fog 


Epoxy  Prtmar,  Polyaulflda  Saalant, 
Potyurathar>a  Eriamal  Topcoat 
«444l-(oura-5%  Nautrol  Salt  Fog 


Figure  26.  Corrosion  Roslslanee:  Epoxy  Primer,  Polysulflde  Sealant,  Polyuretliane 
Topcoat  Protection  System  Applied  to  Cylinder  Interrval  Surface. 


eyVndi/  CoKn$y>7>  Tmii  Sismsk.-jf: 


Hftno«n«M  Piiocphata,  Epoxy  Primer, 

l*otyur«tlw(rM  Enamol  Topeeal 

•72  Hours  -  Noutral  San  Pot5 


bUnpinsss  Phosphsta,  Epoxy  Primor, 
^lyurathsrta  Enamol  Topcoat 
''  1444  Hours- 8% Noutfs!  Salt  Fog 


FIguro  77.  Corrosion  Resistance:  Mangenese  Phosphate,  Epoxy  Primer,  Polyurathana 
Topcoat  Protection  System  Applied  to  Grinder  Internal  Surface. 


CyUndf  Corrotlon  7Mf  Spacinon 


Msnganooo  Pho^iSats,  WalsrPoms  Piimw.  Hlgh-Solki*  PolyursthSiM  Ejwnol  Topcoat 
•72  Hours  -  S%  Hautrsl  Salt  Fog 


UangarvsM  Phoaphata,  Watatboma  Prlnw,  Hlgh^Solkts  Polyurathana  Er^arrial  Topcoat 
1,244  Hours  -  S%  NautrsJ  Salt  Fog 


Figure  28.  Corrosion  Resistance:  Uanganese  Phosphate,  Waterborne  Primer,  High 
Bollds  Topcoat  Protection  System  Applied  to  Cylinder  Internal  Surface.  ’ 
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Cy  -  Gortvmhfi  Tl  St  ap<ci<rwfw 


Epoxy  l*rinw,  Epoxy  Powdor  Coating 
«7a  Houra  - 1%  Noutml  taK  Fog 


Epoxy  PriRMT,  Epoxy  Poxwlor  Coating 
1  AM  Hours  -  Noutnl  laH  Fog 


Figure  29.  Corrosion  Res!stanc«:  Epoxy  Prlmor  and  Epoxy  Powder  Coating 
Protection  System  Applied  to  Cylinder  Internal  Surface. 


Wiitlr'boma  Frimos,  Epoxy  Powdor  Coating 
•72  Hours- S%Nauti«l  Salt  Fog 


1 AU  Hou  rs  - 1%  Hautral  San  Fog 

Figure  30.  Corrosion  Realstance:  Waterborne  Primer  and  Epoxy  Powder  Coating 
Protection  System  Applied  to  Cylinder  Internal  Surface. 
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corrosion  (red  rust)  (Reference  4).  MCAIR  also  has  an  alloy  steel  panel 
coated  with  Alseal  518  in  an  outdoor  exposure  test  In  St.  Louis.  The  panel 
has  been  In  test  for  five  years  without  red  rust. 

0  Epoxy  primer,  polysulfide  sea’ant,  polyurath^ne  topcoat  -  MCAIR 
originally  tested  the  corrosion  resistance  of  the  ‘primer,  sealant,  and 
topcoat"  on  six  3-  by  5-lnch  4130  alloy  steel  panels  (Reference  5)  as  a  repair 
procedure.  The  panels  had  their  paint  and  JVD  aluminum  coatings  removed  from 
a  0.5-  by  l.0-1nch  area  in  the  center  of  the  panel  and  the  "primer,  seal&nt, 
and  topcoat"  repair  applied.  A  diagonal  line  was  scratched  In  the  repair 
system  on  three  panels.  The  panels  were  then  subjected  to  the  Naval  Air 
Development  Center  (NADC)  SO2  salt-fog  exposure  test  for  28  days  without  red 
rust.  MCAIR  then  applied  the  "primer  and  sealant"  protection  system  to  the 
internal  surfaces  of  a  2.5-1nch  diameter  by  6.5-inch  long  alloy  steel 
cylinder  that  was  closed  on- one  end.  The  cylinder  was  also  exposed  to  the 
harsh  NADC  SO2  salt  fog  environment  for  56  days  (28  days  by  MCAIR  and  28  days 
by  NADC)  without  substrate  corrosion. 

0  Manganese  phosphate,  epoxy  primer,  polyurethane  topcoat  -  This 
protection  system  Is  In  production  use  on  the  Air  Force  F-15E  Piston  Assembly 
-  Main  Landing  Gear,  P/N  68A412704.  This  alloy  steel  detail  part  1s  protected 
with  IVO  aluminum  coating  on  external  surfaces  and  with  the  supplemental 
"phosphate,  primer,  topcoat"  protection  system  on  Internal  surfaces.  This 
protraction  system  has  been  used  since  1986  with  no  known  problems. 

0  Waterborne  primers  -  MCAIR  has  demonstrated  in  thorough  laboratory 
testing  that  the  performance  of  low  VOC,  environmentally  compliant  waterborne 
primer  per  MIL-P-85582  exceeds  that  of  currently  used  exempt  solvent  and 
higher  VOC  primers  per  HIL-P-233??. 

MCAIR  has  Issued  paperwork  that  allows  the  use  of  waterborne  primers  to 
aeet  uwre  stringent  environmental  regulations  In  such  areas  as  California  and 
Oklahoma. 
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0  High-SoliCis  Polyurethane  Topcoat  -  has  also  engaged  in  & 
thorough  evaluation  of  environmentally  compliant  topcoats  per  MIL-C-85285  that 
are  now  beginning  to  replace  higher  VOC  topcoats  per  HIL-C-83286,  Our  labo¬ 
ratory  evaluation  (References  6  and  7)  Identified  several  ef  the  high-solids 
topcoat  that  net  and/or  exceeded  the  performance  of  the  KIL-C-832e6  standards. 

0  Powder  Coating  -  HCAIR  tested  a  Pratt  and  Lambert  Powder 
Coating  (Vitrolon  88-1103)  to  our  In-house  requirements  for  fluid  resistance, 
flexibility,  and  corrosion  resistance  for  polyurethane  topcoats.  The  powder 
coating  passed  all  the  tests  except  the  reverse  impact  flexibility  test  at 
-65*F  (Reference  8). 

E.  DISCUSSION 

MCAIR  believes  that  thd’ALCs  can  currently  Implement  the  use  of  any  of 
the  Table  6  protection  systems  other  than  the  two  systems  that  Include  powder 
coatings.  MCAIR  believes  that  epoxy  powder  coatings  will  eventually  be 
Implemented  by  the  aerospace  Industry  as  will  as  epoxy  primers  applied  by 
electrocoating.  These  processes  are  commonly  used  on  steel  substrates  in  the 
industrial  sector.  They  offer  98  percent  transfer  efficient  and  low  VOC 
emission.  MCAIR  believes  they  are  the  best  prospects  for  long-term 
environmental  compliance. 


MCAIR  used  Alseal  518  on  the  cylinders  to  represent  all  three  of  the 
metallic-ceramic  type  sacrificial  coatings  that  were  tested  on  panels;  namely: 
Alseal®  518,  Xylar®  1  and  Sermetel®  CR94B-LT.  These  MlL-C-81517  aluminum- 
filled  coatings  are  used  on  alloy  steel  detail  by  DoD  agencies  such  as  the 
ALCs  on  engine  parts  and  the  Naval  Sea  Systems  Consriand  on  marine  hardware. 
MCAIR  limited  the  cure  temperature  of  these  coatings  to  600®F  because  of 
potential  use  on  h1gi. ^strength  steel  landing  gear  components.  Although  500®F 
is  an  adequate  cure  temperature.  It  is  not  high  enough  to  produce  an 
electrical  conductive,  sacrificial  coating.  The  glass  bead  peening  processing 
step  (see  Table  7)  is  required  to  assure  a  conductive  coating. 
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WCAIR  tested  Alseal  S18  by  itself  to  demonstrate  the  adequacy  of 
MIL-C“81751  coatings  as  stand-alone  protection  systems.  In  reality,  the  IVD 
aluBilnuin  -  Alseal  518  combination  would  be  painted  with  a  primer  and  topcoat. 
Therefore,  MCAIR  also  included  a  protection  system  comprised  of  Alseal  518, 
primer  and  topcoat. 

MCAIR  included  both  the  commonly  used  mil-spec  epoxy  primers  and 
polyurethane  topcoats  as  well  as  newer,  low  yoc  versions  of  epoxy  primer  and 
polyurethane  topcoats.  The  waterborne  epoxy  primer  meets  the  current 
California  and  other  pending  VOC  limits  of  350  grams/liter  (g/l)  for  primers. 
The  high-solids  po'iyurethene  formulation  meets  pending  topcoat  regulations  of 
420  g/l  VOCs  for  topcoats.  HCAIR  also  included  both  current  and  low  VOC  epoxy 
primers  in  conjunction  with  polysulfide  sealant.  Polysulfide  sealant  applied 
by  the  “brush"  procedure  easily  meets  VOC  requirements  for  sealants  (see  Table 
5).  Polysulfide  sealant  applied  by  the  "spray"  and  "fill  &  drain"  procedures 
will  be  affected  by  pending  regulations  such  as  California  Rule  1124  (see 
Table  5). 

MCAIR  included  the  epoxy  primer,  polysulfide  sealant,  polyurethane 
topcoat  protection  system  because  of  existing  MCAIR  test  data  outlined  In  this 
section.  MCAIR  has  also  both  used  and  recommended  this  protection  system  for 
field  repair  of  d<imaged  IVD  aluminum  coating. 

MCAIR  included  the  manganese  phosphate,  epoxy  primer,  polyurethane 
topcoat  protection  system  which  Is  in  current  production  use  on  the  Internal 
surface  on  the  r-15E  main  landing  gear  piston  assembly.  This  landing  gear 
detail  is  coated  with  IVD  aluminum  on  external  surfaces.  HCAIR  also  Included 
a  version  of  this  protection  system  with  the  more  environmentally  compliant 
primer  and  topcoat. 

The  question  may  be  asked,  "If  a  supplemental  protection  systtw  is 
adequate  for  an  Internal  surface,  why  not  wse  that  system  over  the  entire 
component  rather  than  In  C'mbination  with  IVD  aluminum,  thus  eliminating 
two-step  processing?"  The  answer  is  that  what  may  be  adequate  for  internal 
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surfaces  nay  not  be  adequate  for  external  surfaces.  For  example^  the  sacri¬ 
ficial  aluminum-filled  paint-type  coatings  provide  excellent  corrosion  resis¬ 
tance  and  should  be  wore  than  adequate  to  protect  Internal  surfaces.  However, 
Internal  surfaces  are  not  normally  subjected  to  the  more  harsh  corrosive 
environntents  nor  to  the  same  harsh  demands  on  coating  adhesion  as  external 
surfaces.  Therefore,  the  IVD  aluminum  process  is  recowsnended  on  all  external 
surfaces  and  on  as  large  a  portion  of  the  internal  surfaces  as  possible.  The 
reasons  are  that  In  addition  to  corrosion  resistance,  IVD  aluminum  provides 
superior  coating  adhesion  and  superior  uniformity  and  coverage  on  part  edges. 

As  an  example,  the  external  surfaces  of  landing  gear  details  and  turbine 
shafts  are  exposed  to  more  harsh  conditions  than  internal  surfaces.  The 
abrasive  effects  of  take-offs  and  landings  require  a  coating  that  adheres  well 
and  is  resistant  to  chipping.  The  IVD  aluminum  coating  does  not  chip;  it  Is 
required  that  IVD  coating  adhesion  pass  the  stringent  bend-to-break  coupon 
test.  In  contrast,  the  aluminum-filled  paint  type  coatings  are  highly  sus- 
ceptiDle  to  the  chipping  t>ipe  of  nonadhesion.  Typically,  these  coatings  will 
not  meet  the  bend-to-break  adhesion  requirement. 

lYD  aluminum  also  provides  excellent  coating  uniformity  and  coverage  or. 
details  in  the  transition  area  between  external  and  internal  surfaces.  These 
areas  often  are  threaded  and/or  contain  sharp  edges.  IVD  aluminum  does  not 
build  up  on  or  run  off  of  sharp  edges  or  thread  crests/roots  regardless  of 
thlchnrss.  The  paint  and  spray-type  coatings  will  run  off  of  edges  and  build 
up  in  recesses. 

F.  CONCLUSION 

All  of  the  various  protection  systems,  both  sacrificial  and  barrier  type, 
that  were  applied  to  the  internal  surfaces  of  the  alloy  steel  cylindrical 
details  demonstrated  good  corrosion  resistance  characteristics.  The 
protection  systems  also  exhibited  acceptable  adhesion  to  the  alloy  steel 
substrates,’  and  the  various  application  methods  provided  acceptable  thickness 
and  uniformity. 


Higher  relUisnity  nay  be  obtained  with  the  KIL-C-B1751  coatings  because 
of  their  sacrificial  protection  capabilities  and  with  the  barrier-type 
protection  systems  containing  polysulfide  sealant  because  of  its  flexibility. 


Correct  processing  technique  and  procedure  are  critical,  especially  with 
the  barrier-type  protection  systems.  The  potential  effectiveness  of  these 
systems  has  been  demonstrated  with  flat  panels  which  are  easy  to  process.  At 
least  one  of  these  systems  has  been  in  production  use  for  several  years  on  a 
F-15£  landing  gear  detail. 

HCAIR  believes  that  a  two-step  ivo  aluminum  plus  supplement  protection 
system  approach  offers  an  acceptable  alternate  to  processing  Internal  surfaces 
with  cadmium. 
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SECTION  IV 

TORQUE-TENSION  COMPARISONS 


A.  PROBLEM 

Aluminum  has  a  higher  coefficient  of  friction  than  cadmium.  Therefore,  a 
higher  torque  Is  required  to  Install  aluminum-coated  fasteners  to  a  given 
tension  preload  than  1f  the  fastener  was  cadmium  plated.  Fasteners  are  often 
Installed  at  particular  torques  that  have  been  determined  to  give  desired 
preloads.  These  torque  values  are  usually  required  by  the  overhaul  manuals 
supplied  by  the  original  equipment  manufacturers  (OEMs).  The  OEMs  are  natural¬ 
ly  reluctant  to  approve  plating  substitutions  that  do  not  provide  similar 
torque-tension  characteristics.  Although  the  difference  in  torque-tension 
characteristics  between  aluhiinum  and  cadmium  Is  minimized  by  the  use  of 
lubricants  (Reference  1),  much  of  the  data  generated  to  date  Is  for  shear-type 
and  non-highly  loaded  tension-type  fastener  systems.  Additionally  KCAIR 
generally  uses  IVD  aluminum-coated  bolts/screws  with  cadmium-plated  nuts  and 
generated  most  of  their  torque-tension  characteristics  with  that  combination. 

The  Ogden  (00)  ALC  and  Bendix  (an  OEM)  have  Identified  wheel  tie-bolts 
(Figure  31)  as  a  major  concern.  Eight  to  12  tie-bolts  are  typically  used  to 
bolt  wheel-halves  together  on  military  aircraft.  These  high-strength  alloy 
steel  details  are  designed  to  be  highly  loaded  -  usually  In  the  range  of  60  to 
75  percent  of  the  ultimate  strength  of  the  fastener.  The  fastener  system  (nut 
and  bolt)  relies  on  the  installation  torque  required  by  the  overhaul  manual  to 
achieve  designed  loading.  For  most  wheel  tie-bolts,  the  torque  vnlves 
required  by  the  overhaul  manual  are  based  on  a  hardware  system  plated  with 
cadmium  for  corrosion  resistance,  and  lubricated  with  HIL-T-5544  synthetic 
graphite  -  petrolatum  prior  )  Installation.  There  Is  no  corresponding 
torque-tens ’on  data  for  this  s.^^uation  when  the  hardware  Is  coated  with  IVD 
ali.im1num. 


Figure  31.  IVD  llV,lumlnum<Coated  Wheel  Tie>BoK  and  Nut 


The  Oklahoma  City  (OC)-ALC,  San  Antonio  (SA)  ALC,  and  Allison  (an  OEM) 
have  also  expressed  concern  about  the  use  of  IVD  aluminum  on  threaded 
hardware.  The  SA-ALC  had  asked  Allison  for  concurrence  to  use  IVD  aluminum  on 
T-56  engine  details  as  a  replacement  for  electroplated  cadmium  and  diffused 
nickel-cadmium.  Allison,  in  turn,  gave  concurrence  (Reference  9)  with  the 
exception  of  threaded  engine  hardware.  Their  reluctance  to  use  IVD  aluminum 
on  threaded  hardware  is  based  on  a  Pratt  &  Whitney  (P&W)  document  (Reference 
10).  P&W  reported  that  considerably  more  torque  is  required  to  load  IVD 
aluminum-coated  engine  bolts  than  to  load  diffused  nickel-cadmium  plated  bolts 
when  lubricated  with  engine  oil.  Engine  oil  is  a  commonly  used  lubricant  for 
engine  bolts.  The  following  Allison  excerpt  exemplifies  their  concern. 

"A  change  in  coatings  changes  the  coef-^icient  of  friction  thus  affecting 
a  torque  required  to  achieve  a  given  axial  load.  A  significant  change  in 
torque  requirements,,  as  a  result  of  IVD  Aluminum,  would  be  unacceptable  since 
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production  parts  would  continue  to  be  coated  with  cadmium.  It  would  be 
Impractical  and  confusing  to  have  two  sets  of  torque  values  in  assembly 
instructions  and  overhaul  manuals.  This  author  recommends  that  lYD  aluminum 
not  be  used  on  the  parts  listed  in  Attachment  1."  (threaded  hardware). 

B.  SOLUTION/APPROACH 

Document  that  the  difference  in  torque-tension  characteristics  between 
IVO  aluminum  and  cadmium  Is  minimized  by  the  use  of  lubricants  for  ALC  wheel 
tie-bolts  and  threaded  engine  hardware. 

Divide  the  effort  into  two  tasks: 

1.  Wheel  Tie-Bolts 

Develop  a  generic  torque-tension  data  base  for  lubricants  now  in  use 
by  the  ALCs.  Use  additional  lubricants  if  required  to  minimize  torque-tension 
differences.  At  the  conclusion  of  the  generic  testing,  generate  comparative 
data  on  actual  tie-bolts  using  both  the  graphite  -  petrolatum  lubricant  now  in 
use  by  00-ALC  and  candidate  lubricants  identified  as  having  a  positive  effect 
by  the  generic  test.  Generate  data  for  15  cycles  of  reuse  which  is  the 
designed  work-life  before  refurbishment  of  the  wheel  tie-bolts. 

2.  Threaded  Engine  Hardware 

HCAIR  met  with  OC-ALC  to  address  this  issue  and  coordinate  a  test 
program.  The  program  was  also  coordinated  with  Allison. 

Since  other  torque-tension  (References  11  and  12)  comparisons 
between  lYD  aluminum  and  diffused  nickel-cadmium  reported  that  torque-tension 
was  essentially  unaffected  by  any  differences  in  the  two  finishes,  it  was 
decided  to  rerun  the  one  test  (Reference  10)  that  shows  considerable 
differences.  Several  other  factors  that  were  considerations  included  the  very 
early  period  of  IVD  aluminum  development  in  which  the  Reference  10  data  was 
generated  and  the  possibility  that  too  thick  of  an  IVD  aluminum  coating  was 


tested.  Additionally  the  hardware  combination  consisted  of  a  diffused 
nickel-cadmium  plated  bolt  and  cadmium-plated  nut  rather  than  two  diffused 
nickel-cadmium  plated  components. 

C.  DATA 

1.  Generic  Torque-Tension  Data 

NAS1306-10  bolts  supplied  by  Voi-Shan  and  a7FLW-820  nuts  supplied  by 
SPS  were  used  to  generate  generic  torque-tension  data  for  wheel  tie-bolts. 
Descriptions  of  the  bolt  and  nut  are  shown  in  Tables  10  and  11,  respectively. 


TABLE  10.  NAS1308-10  BOLT  DESCRIPTION. 


BoK 

D*»crlptlon 

RaK 

Th'rMd  SIza 

BoH  Lat^h 

Corroalon  Pravantlva  Rnlah  | 

Dasignirtion 

ar>d 

Oaacriptlon 

Orlp 

(In.) 

Total 

(In.) 

Cadmium 

IVD  Aluminum 

Shsar,  Heicagan  Head, 
Uttirrukt*  TanslW 
Strength  160-l60luil 

NAS1308-10 

0.5000-20 

UNJF-3A 

0.625 

1.360 

Par  QQ-P-416, 
Typa  a,  aau  2 

Class  3,  Typa  II 
Par  MIL-C-634ae 

TABLE  11.  47FLW-e20NUT  DESCRIPTION. 


Nut  Daacriptlon 

N;.. 

Thraod  Siza 

Nut 

Haight 

(In.) 

Corroalon  Pravartthra  Rnlah 

Daalginatlon 

and  DaacriptJon 

Cadmium 

IVD  Aluminum 

Flexkx:,  Tension  DoubW 
Hexagon.  Flanged,  Safl- 
Locklng,  Alloy  Steal, 

1 80  ksl,  aSO'F.  Ughtwalghl 

47FLW-820 

0.5000-20 

UNJF-3B 

0.549 

ParOQ-P416, 
Type  II,  Class  2 

Class  3,  Type  II 
Per  MIL-C-63488 

Torque-tension  and  other  installation  data  was  generated  for  fifteen 
Installation  cycles  of  reuse  for  the  various  bolt  finish  -  nut  finish  - 
lubricant  combinations  shown  in  Table  12,  A  description  of  each  lubricant  is 
shown  in  Table  13.  • 


TABLE  12.  BOLT  FMSH  -  NUT  RNTSH  -  LUBRICANT  COMBINATIONS  EVALUATED  DURING 
GENERATION  OF  GENERIC  TORQUE-TENSION  DATA. 


Flnlth 


AluDLm  AluSSum 


•upplMnantal  Lubrication 


OnIVO 

Aluminum 

Coatad 

BoK 


On  IVO  Aluminum 
Coatad  Nut 

Cartowax*  Othar 


1-3 

3-6 

7-10 

11-13 

14-17 

18-22 

23-26 

27-29 

30-36 

37 

38 

39-41 

42-44 

45-47 

48-50 

51-53 

54-56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 
67 
66 

69 

70 

71 

72 

73-75 

76-78 

79-81 

82-84 


Lubricant 


0601 -S 

C~601-S 

O601-S 

0601 -S 

0601 -S 

O601-S 

0601 -S 

0601 -S 

0601 -S 

0601 -S 

0-601 -S 

C-670 

0670 

Moly-50 

Moly-50 

RoycoeiMS 

Ro^SIMS 

GP-400 

GP-400 

GP-401 

GP-401 

GP-460 

GP460 

CP-28 

CP-28 

CP-29 

CP-29 

CP.42 

CP-42 

Fortnkole  T-50 
Fomnkote  T-50 
Lubrl-Borid  A 
LubrI-  Borxl  A 
CP-116 
CP.116 
MIL-T-63483 
■MiL-T-83483 
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TABLE  12.  BOLT  FINISH  -  NUT  RNISH  -  LUBRICANT  COMBINATIONS  EVALUATED  DURING 
GENERATION  OF  GENERIC  TOROUE-TENSION  DATA  (CONCLUDED). 


Test 

No.“ 

Finish 

SuppJamantal  Lubrication 

ljubrtcant 

Bolt 

Nut 

On  IVO 
Aluminum 
Coatad 
BoH 

On  IVD  Aluminum 
Coatad  Nut 

Cadmium 

IVD 

Aluminum 

CacSmlunT 

IVO 

Aluminum 

Cartoowax* 

Othar 

85 

X 

X 

Formkott  T-50  and 

0401 'S 

86 

X 

X 

Ptrma-Sllk-S  and 

C-601-S 

87 

X 

X 

X 

X 

XylarlOl  and 

0-601 -S 

88 

X 

X 

X 

XylarlOl  and 

C-601-S 

89 

X 

X 

X 

X 

XylarlOl  and 

0-601 -S 

90-91 

X 

X 

X 

X 

Evartube  1346  and 

0-601 -S 

92-93 

X 

X 

X 

X 

EM-6256  and 

C-501-S 

94-95 

X 

X 

X 

X 

EM-6286  and 

0-601 -S 

96-97 

X 

* 

X 

X 

EVertube  1 346  and 

C-601-S 

9S-99 

X 

X 

X 

EM-62S6  and 

C-601-S 

100- 

X 

X 

X 

EM -6286  and 

101 

0401 -S 

a  Tha  data  for  aach  tuat  k  found  In  appendix  A.  The  taat  nijmber  ooneapondt  to  the  Appendix  table  number. 
(Example:  [Tata  for  lest  number  1  la  found  in  Appendix  table  A-1.). 
b  The  cadmium  nuts  were  supplied  with  Carbowax  . 

e  The  IVO  alumlium-coaied  nuts  were  cxiated  with  CartMwax  by  elthef  SPS  Technoioglae  or  btCAIR. 


TABLE  13.  LUBRICANTS  EVALUATED  DURING  GENERIC  TQRQUE*TENSION  TESTING 
FOR  WHEEL  TIE-BOLTS. 


Lubricant 

ftuppltar* 

Oaacription 

Applicable^ 

UlUSpece 

Prooeasor* 

C-601.S 

Fsl-Pre  Incorporatad 

Paste.  Antisatza  Thread  Compound, 
Containing  50  Paroant  Synthetic 
Graphite  and  50  Paroant  Patrolatum 

MlL-T-5544 

MCAIR 

C-670 

Fal-Pro  Incorporotad 

Pasta  Contalnli^Q  85  Percent 
Molybdenum  Disulfida 

None 

MCAIR 

Moly-50 

Fal-Pro  Incorporatad 

Pasta,  Antiseize  Thread  Compound, 
Containing  50  Percent  Molybdenum 
Disulfida  and  SO  Percent  Petrolatum 

MIL-T-e3483 

MCAIR 

Royco81MS 

Royal  Lubricants  Company 
Incorporatad 

Lubricatirig  Grease,  a  Mixture 

Basically  50  Percent  Molybdenum 
Disulfide  and  SO  Percent  Silicone  Oil 

IDOD-L-25881 

MCAIR 

GP-400 

Graphite  Products  Company 

♦  » 

Paste,  Antisaiza  Lubricant 

Coirtalning  Approximately  50  Percent 
Molybdenum  Disulfide,  5  Peroant 
Graphite,  ar>d  40  Percarit  Mirtaral  Oil 
With  a  Soap  Base  Thickanar 

None 

MCAIR 

GP-401 

Graphite  Products  Company 

Paste,  Antiseize  Lubricant 

Containing  Approximately  50  Percent 
Molybdenum  Disulfide,  5  Peroant 
Graphite,  and  40  Percent  Mineral  Oil 
With  a  Non  Soap  Base  Thickener 

None 

MCAIR 

GP-460 

Graphite  Products  Company 

Paste,  Antiseize  Thread  Compound. 
Containing  50  Percent  Synthetic 
Graphtto  and  50  Percent  Petrolatum 

MIL-T.5544 

MCAIR 

CP-28 

t£/M  Corporation 

Paste.  Extreme  Pressure  Assembly 
Lubricant.  Containing  60  Percent 
Molybdenum  Disulfide,  an  Organic 
Barium  Compound,  Mineral  Oil,  and 
Lithium  Grease 

None 

MCAIR 

CP-29 

E/M  Corporation 

Pasta,  Antiseize  Lubriceting 

Compound,  Contalnli'rg  Molybdenum 
Oisutlide,  Finely  Divided  Copper 

Metal  Partictes.  Silica,  and  Mineral  Oil 

None 

MCAIR 

CP-42 

E/M  Corporallon 

Paste  Containing  a  High 

Coricentration  of  Molybdenum 

Disulfida  in  a  Synthetic 

P  ilyaScylene  Glycol  Base 

Nou 

MCAIR 

TABLE  13.  LUBRICANTS  EVALUATED  DURING  GENERIC  TORQUE  -TENSION  TESTING 
FOR  WHEEL  TIE-BOLTS  (CONTINUED). 


Lybricant 

Supplier* 

Deaerlptlon 

Applicable 

Mlt-Speca* 

jproceaaor* 

Formkote  T-SO 

E/M  Corporation 

A  Dry,  Solid  Rim  Lobrltsm 

Containing  a  Composttion  of 

None 

MCAIR 

Lubricating  P^ments,  Graphita  Being 
One.  Suspended  In  a  Modified  High 

Temperature  Resin  Binder 

Lubri-Bond  A 

E/M  Corporation 

An  Air  Drying,  Solid  Rim  Lubrlcartt 
Containing  Molybdenum  Disulfide 
and  Graphite  in  e  Resin  Binder 

MIL-L-23328 

MCAIR 

CP-“.16 

E/M  Corporation 

Paste,  Antiseize  Thread  Compound, 
Containing  Molybdenum  Disulfide, 

MlLT-834e3 

MCAIR 

Mineral  Oil,  and  Petrolatum 

MIL-T-e3483 

Armite  Laboratories 

Paste.  Antl-Selze  Thread  Compound , 
Containing  50  Percent  Molybdenum 

M!L-T-834a3 

MCAIR 

Disulfide  and  SO  Percent  Petrolatum 

Formkota  T-SO 

E/M  Corporation 

See  Formkote  T-50  Above 

None 

MGAIR 

and  0-60  >-C 

Fel4’ro  Incorporated 

See  C-601-S  Above 

M1L-T-S544 

MCAIR 

j  Parma-SllkS 

f  wtd  0-601 -S 

E/M  Corporation 

An  Air  Dried,  Solid  Film  Lubricant 
Containing  Molybdenum  DIsulfidtt  in  « 
Minimum  Amount  of  Binder 

None 

MCAIR  1 

Fel-Pro  Incorporated 

See  C-501-S  Above 

MIL-T.5544 

MCAIR  I 

1  .'^vJarlOl 

K 

Whltford  Corporation 

Coating  Contains  Nonmetailic  Filleta 

MIL-C-817S1 

MCAIR  1 

! 

1  indC-601-S 

In  Combination  With  Ceramic 

Materials  to  Extend  the  Perfonronoe 
of  AiurTilnum  Coatings 

Type  1, 
Class  4 

1 

1 

Fel-Pro  incorporated 

See  C-601-S  Above 

MIL.T-5544 

1  Everiube  1340 

F/M  Corpor; ..i 

An  Air  Cured,  Bonded  Sriid  Rim 

Nona 

E/M  Coip 

? 

and  G-601S 

1 

Lubricant  Formulated  With  Molybdenum 
Disulfide  In  a  Resin  Binder 

fai-.^ro  Incorporato''! 

C'COI^S  Abovo 

MIL-T-5544 

MCAIR 

bM-6256  i 

Corporation 

A  Bonded  Solid  Film  Lubricant 

None 

E/W  Coro  1 

i 

Forrifulated  With  Molytxlonum  DIsulfido 
to  Produce  Torque-Tension 
Characteristics  Similar  to  Cadmium 
Electroplate  Plus  Wax 

1 

1 

and  0-601 -  n  ^ 

Fel  Pro  !ri«)rporated 

Sea  C-601-S  Above 

MIL-T.5544 

MCAIR  1 

EM-6286 

! 

1 

E/M  On.^joratlon 

A  Bonded  Solid  Film  Lubricant 
Formulated  With  Graphite  in  a  Resin 

None 

E/M  Corp  I 

i 

Binder 

j 

andO-'ioi-S  ! 

-.-i 

Fof-Fro  ltx»rporaled 

See  C-6  '  bove 

MIL-T.5544 

MCAIR  1 

TABLE  t3.  LUBRiCANTS  EVALUATED  DURING  GENERIC  TORQUE-TENSION  TESTING 
FOR  WHEEL  TIE-BOLTS  (CONCLUDED). 


1  Lubricant 

Sujjj»5i»r“ 

Oaacriptian 

Applicable^ 

Mll-Speca 

Prooeaaor* 

1  Caibwinx 

Union  Cartikle  Chomtcais 
and  Rastics  Corr^ny  Inc 

Polyainytana  Qtyco!  3350,  a  Non  Dry 
Ltfbi  icant  (Wax  Typ«)  Applied  to 
CadnnIutTv  Plated  and  IVD  Alumlnunv 
Coated  Nuts  to  Reduce  Qaliing  and 
Ssizing 

None 

8PS 

Technologies 

MCAIR 

■  Supptors 

•  FW-Rm  kworporalod,  Chemical  Prodcti  iXvteiaii,  Nofth  b^iiiCarmick  Boutevamt,  P.O.  Box  1200, 
StoKia.  Hiinois  60076-e205 

•  Lubricantt  Company  inc,  P.O.Box  51Q.  72  Rock  Avanue.  Eaiit  Hanowar,  NJ  07367 

•  Qrtiphlta  Products  Company,  P.O.  Box  29,  BrookfiekI,  Ohio  44403 

•  £/M  Corporation,  P.O.  Box  2400, 2901  Kent  Awnoa,  Waei  Laiiiyetle.  Indiana  47906 

•  Armlts  Laboratoriso,  '1845  R^ridoiph  Street,  Los  Anoelae,  California  00001 

•  Whitiord  Corporation,  P.O.  Oox  607,  West  Chester,  Pennsylvania  10381 

•  Unioii  C«rbldo  Chemicois  and  Plastics  Co  irworporated,  IrrdustrieJ  Chemicals  Division,  39  Old  Ridgebury 
Road,  Danbury,  Connectisut  0661 7-0001 

b  Miliwy  Specifications  • ' 

•  M11.-T-5S44  -  Thread  Compourxl,  A/iiiseue.  Grapl'Jio  -  Petrolalum 

•  M11.-T-83483  -  Thread  Compsurxi,  Antiseize.  Molybdertum  DIsUfied  -  Petrolatum 

•  DOD-L-25681  ••  Lubricant  Molybcienum  Disulfide,  SiUocxMi 

•  MIL-L-23396  -  Lubiicant,  Sclid  Film,  Ak-Cured, Corrosion  ml^olting 

•  MIL-C-617S1  -  Coatlnfi,  Metallic  -  Ceramic 


e  Pracessors 

•  McDonnell  Aircraft  Company  (MCAIR),  P.O.  Sox  315.  St  UkjIk,  Mlstourl  63166 

•  E/M  Corporation.  P.O.  ^x  2400.  ciiCO  !<ont  Avtnua,  West  UfayeSe,  ItKiiana  47D06 


The  torque-tension  data  was  generated  by  holding  the  bolt  head  fixed 
and  rotrTting  the  nut.  A  GS£,  Inc.  Model  FT-500  Fastener  Force  Transducer  and 
125  KSI  hardened,  chamfered  washer  were  Installed  between  the  bolt  head  and 
nut.  The  "fastener  force  transducer"  Is  a  miniature  load  cell  developed 
specifically  for  measurement  of  fastener  clamping  forces.  The  washer  against 


ktic  uuiL  ilcau  wa» 


ii(:>i.a  I  lc;u  W  t  Lit  i  L> 


Chamfered  side  toward  the  bolt  head  to 


provide  clearance  for  any  fillet  at  the  head  and  shaft  interface.  The  test 
set-up  (Figure  32)  allowed  the  minimum  bolt  protrusion  of  0.080  inch  through 
the  self-locking  nut  as  required  by  Reference  13.  It  also  prevented  nut 
rotation  ‘'o  the  end  of  the  threads  on  the  bolt. 


The  loads  generated  by  the  range  of  torques  for  the  various  Table  12 
Dolt  finish  -  nut  finish  -  lubricant  combinations  were  recorded  by  a  GSE,  Inc. 
Model  233-D  Digital  Peak  Indicator  which  is  compatible  to  the  GSE  Inc. 
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Figusne  $2.  Sortup  Usad  tici  Gi^rb^irie 

Torqua-Tension  Comparlsonw. 


transducer.  Three  torque  wrenches  were  used  for  the  torque  range  to  assure 
the  most  accurate,  mid-range  readings.  All  instrumentatlof!  was  calibrated  on 
a  regular  basis  and  is  traceable  to  National  Bureau  Standards. 

The  fastener  was  loaded  to  20,000  pounds  during  each  Installation 
cycle  which  is  70  percent  of  its  ultimate  strength.  An  example  of  the  typical 
data  generated  for  each  lS-1nstallation  cycle  evaluation  is  shown  in  Figure  33 
and  consists  of: 

0  Bolt  measurements  -  the  shank  of  each  bolt  had  its  diameter  and 
plating  or  coc^iig  thickness  measured  In  three  places  prior  to  testing. 

0  Nut  measurement  -  the  plating  or  coating  thickness  was  measured 
prior  to  testing, 

0  Lubricant  information  -  the  name  of  the  lubricant,  a  brief 
description,  and  what  it  was  applied  to  are  listed. 

0  Running  torque  (loading  cycle)  -  the  maximum  torque  required  'o 
engage  the  lockirig  feature  of  the  self-locking  nut  was  measured  on  thx*  first, 
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flfW,  tenth,  and  fifteenth  loading  cycles.  The  torque  just  pt  ior  to  clampup 
ef  the  test  assejnhle  was  recorded. 

0  Torque-tension  relationship  -  this  relationship  was  established 
by  recording  torque  required  foi-  the  specific  range  of  tensile  loads  shown 
in  figure  33.  The  torque  requlrec;  to  generate  10,000-  and  20,000-posjnd  loads 
was  Measured  for  all  fifteen  cycles.  Additional  torque  amounts  were  recorded 
et  2.500-pound  loid  Increments  for  rhe  first,  fifth,  tenth,  and  fifteenth  in- 
ste'.IUtion  cycles. 

0  Breakaway  torque  -  the  torque  required  to  start  nut  rotation  to 
relieve  the  ZO.GCO-pound  tensile  Dolt  load  was  measured  for  the  first,  fifth, 
tenth,  and  fifteenth  removal  cycle. 

t 

0  Running  torque  (removal  cycle)  -  the  minimum  torque  required  to 
ci'iseiigage  the  locking  feature  of  the  self-locking  nut  was  measured  on  the 
first,  fifth,  tenth,  and  fifteenth  removal  cycle.  This  torque  was  recorded 
when  a  minimum  of  one  and  a  maximum  of  two  bolt  threads  extended  beyond  the 
nut.- 


Tift 

Cycli 

No. 

Running 
Tarqui 
(in.-lb,  CW 
Dinction) 

Tinqui  0«  Nut  (iu.-lb) 

Braabm)! 

Torqua 

(ii.-m) 

Running 

Torque 

(In.-to, 

CCW 

Dinction) 

•oB  iMd  (ib) 

m 

7,600 

18,100 

12,600 

15,100 

17,600 

20.000 

1 

1 

100 

100 

205 

415 

SS5 

726 

875 

1.025 

1,225 

050 

00 

! 

2 

450 

1,250 

3 

400 

1,150 

4 

375 

1,050 

S 

30 

110 

105 

285 

390 

S25 

725 

025 

1,175 

000 

20 

6 

350 

1,200 

7 

380 

4  •ten 

8 

365 

1,050 

0 

355 

1,000 

10 

30 

85 

165 

250 

345 

460 

625 

600 

075 

650 

20 

11 

335 

1,000 

12 

350 

075 

13 

380 

075 

14 

350 

050 

IS 

20 

80 

155 

235 

330 

460 

600 

775 

ooc 

S40 

«  J 

0  *R>4  lubricani  wat  appliod  lo  tfw  fwads  oi  bolt  tnfl  nuL 

b  EAl  Cof^cUon  CP-42  lubricwil  it  a  pasu  with  a  aynthalic  pol^aRty1«ne  giy>ool  tukl  baso  oorvtalitiitg  a  high  oanoaitirwiion  of 
moiybdeourin  (fejifkia. 

c  NAS1 306-1 0  boK;  Avarwgt  Wuaikdiamttor- 04067  in.,  avwrasK  ooatirvglhicknMS- 0.00035  in. 

47f-'LW-020  nut;  Avwagt  cxiwlioo  tWcJsnwsa  -  0.00037  W. 


Figure  33.  E£xample  of  InstallaUon  Date  Generated  for  Typical  iS-CycJe  Rtfruae  Evatuafion. 


Wet  lubricants  (no  cure  required)  were  brush  applied  to  the  threaded 
areas  of  the  nuts  and  bolts.  Only  a  thin  film  of  lubricant  was  applied  as  any 
excess  Is  squeezed  out  during  tightening  of  the  nut.  The  wet  lubricants  were 
removed  with  clean  cheesecloth  and/or  solvent  and  reapplied  for  each  Instal¬ 
lation.  The  dry  lubricants  (cure  required)  were  applied  only  before  the  first 
Installation  cycle. 

The  same  bolt-nut  combination  was  used  for  all  15  Installation 
cycles  or  until  termination  of  a  particular  15-cycle  evaluation.  The  same 
fastener  force  transducer  was  used  and  its  calibration  was  verified  to  be 
correct  throughout  the  evaluation.  Torque-tension  and  related  installation 
data  was  generated  for  101  15-cycle  evaluations.  It  Is  located  in  Appendix  A. 

The  torque-tension  relationships  between  IVD  aluminum  and 
cadmium-finished  wheel  tie-bo,lt  type  hardware  is  summarized  as  follows: 

a.  With  MIL-T-5544  synthetic  graphite  -  petrolatum 

HCAIR  generated  an  extensive  amount  of  data  associated  with  the 
use  of  HIL-T-5544  synthetic  graphite  -  petrolatum  lubricants.  It  is  currently 
required  to  be  applied  to  wheel  tie-bolts  and  nuts  by  virtually  every  appli¬ 
cable  overhaul  manual. 

MCAIR  obtained  the  best  MIL-T-5544  lubricant  results  with  the 
Pel-Pro,  Inc.  C-601-S  lubricant.  Its  evaluation  was  recommended  by  Bendix  (an 
OEM).  Data  generated  for  cadmium -plated  hardware  with  C-601-S  lubrication  is 
used  as  baseline  data.  The  torque  required  to  produce  a  20,000-pound  tensile 
load  for  IVD  aluminum  and  cadmium-finished  hardware  is  compared  in  Table  14. 
This  data  shows  that  in  order  to  obtain  a  20,000-pound  load: 

0  Approximately  30  percent  more  torque  is  required  to  load 
the  IVD  aluminum-coated  hardware  during  the  first  installation  cycle  than  to 
load  the  cadmium-plated  hardware. 
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0  Tfse  difference  drops  to  about  fifteen  percent  for  the 

third  cycle. 

0  The  difference  drops  below  10  percent  by  the  seventh 
installation  cycle  and  stays  between  three  end  eight  percent  through  the 
fifteenth  cycle. 


TABLE  14.  TORQUE  (IMCH-POUNDS)  REQUIRED  'fQ  PRODUCE  20,000*POUNO 
LOAD  FOR  IVD  ALUMINUM-  AND  CADMIUM-FINISHED  HARDWARE 
USING  FEL-PRO  O601-S  SYNTHETIC  GRAPHITE  -  PETROLATUM 
LUBRICANT  (MIL-T-5S44). 


IriKt'l 

CycUi 

CdBoH 

•and 

CdNut 

IVO  Al  BoH 
and 

IVD  Al  Nut 

%  IncnMioa 
OverCd-Cd 
Basftltna 

1 

645 

837 

20.8 

2 

663 

809 

22.0 

3 

675 

774 

14.7 

4 

675 

766 

13.5 

5 

669 

767 

14.7 

6 

663 

739 

11.5 

675 

727 

7.7 

6 

675 

716 

8.1 

0 

669 

718 

7.3 

10 

669 

723 

B.O 

11 

663 

709 

6.9 

12 

656 

689 

5.0 

13 

650 

693 

6.6 

14 

650 

673 

3.5 

15 

663 

703 

6.0 

KCAIR  evaluated  a  numbei'  of  variables  introduced  with  the  use 
of  the  C-501-S  lubricant  in  an  attempt  to  lessen  the  Table  14  "baseline" 
difference  between  IVD  aluminum  and  cadmium.  Special  attention  was  given  to 
the  first  several  installation  cycles  where  the  difference  Is  more  pronounced. 
These  variables  are  listed  in  Table  15  along  with  a  brief  result  summary. 


i  I 


TABLE  IS.  VARIABLES  EXAMINED  DURING  TORQUE-TENSION  TESTS  ON  GENERIC 
BOLT  AND  NUT  USING  FEL-PRO.  INC.  C-601-S  LUBRICANT. 


nnish 

Results  In  Relstlen  to 

Torque  Required  to 
CUnerete  20,009  lb 

Loed 

Test 

Ho.« 

Bolt 

Nut 

Effoctof 

Tost  VsrUbl*(s) 

Cd 

IVDAI 

Cd'' 

IVDAI 

1  -3 

X 

B 

None 

Established  as  Original  Cadmium 
Baseline  for  Comparison. 

4-6 

X 

H 

X 

None 

Established  os  Original  fVD  I 

Aluminum  Baseline  for  Comparison.  1 

7 

X 

X 

Loading  Bolt  to  20,000  lb 

In  Two  Steps.  10,000  and 
20,000  Pounds  vs  2,500 
pound  steps. 

No  Effect  at  20,000  Pounds.  Tba  | 
Torque-Tension  Cuivs  Had  | 

Distinct  BteaX  at  10,000  Pounds  1 

Whan  Bolt  Was  Loaded  In  Two  1 

Steps.  A  Snvxith  Torque-Tension  i 

Curve  Was  Obtained  When  Bolt  I 

Was  Loaded  in  2,500  Pound  | 

Steps.  Retained  Procedure  to 

Briefly  Stop  at  Each  2,500  Pound 
Load  Increment  to  Record  Torque. 

8-10 

X 

X 

Selection  of  Torque 
Wrenches. 

Dais  Accuracy  Improved.  Estab¬ 
lished  as  New  Cadmium  Baseline. 

11  -13 

X 

X 

Test  Variables  Were  the 
Same  as  in  Tasts  8  - 10. 

Result  Was  the  Same  as  In  Tests  | 
8 -10.  Established  as  New  IVD  I 
Aluminum  Baseline.  | 

14-17 

X 

X 

Different  Boll  and  Nut 
Finishes. 

Improvennent  Over  IVO  Aiuminum 
Byline. 

18-21 

X 

X 

Supplemental  Lubricant. 
Cartewax  on  Nut. 

Irrprovsmant  Over  IVD  Aiuminum 
Baseline  for  let  Cycle. 

22 

X 

X 

Excess  Amount  ot 

C-601  -S  Lubricant  .^ppitod 
to  Either  the  Boil  and'or 
Carbowaxed  Nut. 

I'to  Appreciable  Effod 

23-26 

X 

Bolt  Loaded  to  20,000 
PourKlE  W-h-h  and  Withoui 
Irrterrrtsdlate  Stops. 

No  Appreciable  Effect  j 

27-29 

X 

X 

Different  Bolt  aitd  Nut 
Flnlshas. 

ImprovemorTt  Over  IVD  Aluminum 
Baseline. 

30 

■ 

Lubricant  Absorption  into 
a  More  Open,  Non-PeoneQ 
Alumlnu.m  Coaling. 

No  Appreciable  Effect  | 

•  “fhe  data  k>r  «h>:^  test  la  Ikxjrtd  In  Appendix  A.  Ttw  tect  number  ooirde('.C4xH  to  the  TaUa  numb«f.  (1£x«(i\p(o:  Data  tor  T««t 
Numbor  1  k  fcwjnd  In  TmU*  A-1.). 

b  Tbs  cHdmluni  nuts  W9<0  supplied  with  Cartxiwau  (Potyeth^ldi'w  Qilycc4  3360).  a  twu  type  lubricant  Cartowax  Is  laTpHed  to 
non-dry  rim  lubricated  csdrTilui')'i  plbtod  nuts  by  SPS  TecbnotoglGi^  to  ted'.'ce  oalilno  and  aeizing. 


TABLE  IS.  VARIABLES  EXAMINED  DURING  TORQUE-TENSION  TESTS  DN  GENERIC 
BOLT  AND  NUT  USING  FEL-PRO,  INC.  C-601-S  LUBRICANT  (CONTINUED). 


Finish 

Resulta  kt  Relation  to 

Tortius  Requlre<d  to 
Conerate  XiJOiQO  to 

Load 

Test 

No.» 

BoK 

Nut 

Etfsetof 

Test  Vsj1sbto(t) 

■ 

Cd 

tVDAl 

Cdk 

IVDAi 

31 

X 

X 

Polished  Gosling  on  Bolt 
sixINuL 

No  Appreciabie  Efiect 

32 

X 

X 

Ttiln  Coating  on  the  Bolt. 

No  Appredabie  Ef/ecL 

33 

X 

X 

Thin  Coating  on  the  Bott 
end  Ultrasonic  Claaning 
the  BoK  end  Nut  .Berthe 
Rrst  Cycid  to  Remove  Any 
Matai  Paiticles. 

No  i^ppr»dabi«  Effect 

34 

X 

X 

Multiple  Applications  of 
Cerbowax  on  the  Boit 
and  NuL 

No  Ap)>r»ciable  Effect. 

35-36 

X 

X 

Thin  Coating  on  the  BoR 
and  Nut  and  Ultrasonic 
Cleaning  Ihs  BoR  and  Nut 
Aharthe  First  Cycie. 

No  Appredablo  Effect 

3/ -36 

X 

X 

■ 

AJuminuftvZinc  Alloy 
Coaling  on  the  BoR  and 

Nut  wah  and  Without 

1  Carbowax. 

j 

Ito  Appiedabie  Effed 

90-91 

X 

X 

Supplumantal  Lubricant 
Coaling.  E/M  Corporation 
Eveflube  1346.  on  BoRs 
and  Nuts. 

Reduced  the  Higher  Torques 

Noted  WNh  IVO  Alumlnum- 
Cov^ed  AoISs  and  Nuts  During  the 
Rr^.t  Few  installation  Cycles  in 
Relation  to  Cadmium. 

92-93 

X 

Soppiemental  Lubrlcanl 
Coating.  E/M  Corporation 
EM-6256,  on  Bolts 
and  Nuts. 

Reduced  the  Higher  Torques 

Noted  WHh  IVD  Aluminum- 
Coated  BoKs  and  Nuts  During  the 
First  Few  IntlaJlation  Cyciiw  in 
Relation  to  Cadmium. 

94-95 

X 

X 

Suj^plemenlal  Lubricant 
Coaling.  EM  Corpofatlon 
EM-62&6,  on  uoRs  and 

Nuts. 

Reduced  the  Higher  Torques 

Noted  \ATth  IVD  Aluminum- 
Coated  Botts  ind  Nuts  During  the 
First  Few  Installation  Cydes  in 
Relation  to  Codrrvlum. 

a  Thg  data  tor  *ach  laat  It  kwnd  In  A^>p«ylU  K.  Ths  tset  nomtiM  porrotpondt  to  tha  Tahto  (&ovnpie:  Data  kx  Tt«! 

Number  1  It  found  In  Tiibla  A-1 

b  "me  cadmium  nuts  woie  tuppliod  witfi  CartJowax  (PoJyottiyten®  Glycol  1350),  a  wa.t  lypu  tubricanl  Cart>owa*  l»  i^p9ad  so 
non-dry  11m  lubrlcatod  cadmium  ptak*,!  nuts  by  SPS  Tecfmotoglos  to  raduc*  (jitilirvg  and  trizino 
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TABLE  15.  VARIABLES  EXAMINED  DURING  TORQUE-TENSION  TESTS  ON  GENERIC 
BOLT  AND  NUT  USING  FEL-RRO.  INC.  O601-S  LUBRICAhTT  (CONCLUDED). 


Flnith 

ReauKa  In  Rotation  to 
Torqua  Raquirod  to 
Qortarato  20,000  lb 

Load 

TMt 

No.* 

BoH 

Nut 

Eftactof 

T*stV*fteb(o{«} 

Cd 

iVDAI 

Cd»> 

IVDAI 

86  "87 

X 

X 

Suptomontal  Lubrioant 
Coating.  E/M  Coiporatlon 
Evailub*  1346,  Applied 

Only  to  tha  Nut 

Comparabia  to  CadmiunvPiatad 
Baselinatortha  5-Cycia  Tast. 

88-89 

X 

X 

Supplamental  Lubricant 
Coating,  E/M  Corporation 
EM-62S6,  Appliad  Only  to 
tha  Nut 

Comparabia  to  Cadmium-Piated 
Basalina  for  tha  5-Cyda  Taat. 

100- 

101 

X 

X 

Supplamantal  Lubricant 
Coating,  E/M  Corporation 
EM-6286.  ApplladOnlyto 
tha  Nut. 

Corrparabla  to  Cadmlum-Piatad 
Basalina  for  S-Cycia  Tast 

a  Tba  data  for  MCh  to«t  tt  found  In  AppartdU  A.  Tha  tast  rxjmbor  oarracpoodt  to  tha  Tabla  number.  (Example:  Oata  for  Taat 
Number  1 1t  found  It  TaUa  A-1 .). 

b  Tha  cadmium  nutt  twera  auppllad  wittt  Cartiowax  (Polyathytona  Oyool  3350).  a  wax  type  lubricanL  Cartxiwax  ia  appUad  to 
rvyvdry  Rim  lubricated  cadmium  piated  rtutt  by  SPS  Tachrtoioglac  to  taduoa  gallir^  and  aaUlng. 


The  following  variables  produced  the  most  positive  data  and  are 
discussed  in  more  detail: 


bolt 


0  Use  of  a  cadmium-plated  nut  with  the  IVD  aluminum-coated 


0  Use  of  "supplemental"  carbowax  lubricant 


1 1  # 
U9C  VI 


il  ^  I  •  r>  f> 


I  VINCI  I  WO  I 


«4-».  #4 

ui  jr- 1  I  nil 


lUVI  ICOIIWb 


The  combination  of  IVD  aluminum-coated  bolts  and  cadmium-plated 
nuts  Is  a  probability  at  inost  of  the  ALCs.  Wheel  tie-bolt  hardware  Is 
refurbished  after  so  many  installations  and/or  by  a  laintenance  schedule. 
During  refurbishment,  the  bolts  usually  have  their  protective  finish  removed 
to  be  inspected  and  are  then  refinished  at  the  ALC.  They  would  be  refinished 
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with  IVO  iluRi'i^'ium  assuming  the  elimination  of  cadmium  processing  at  the  ALCs. 
The  nuts,  however,  are  usually  scrapped  due  to  locking  feature  wear  after 
repeated  Installations.  Replacement  nuts  ordered  to  existing  drawings  will 
likely  be  finished  with  cadmium  for  the  Immediate  future. 

Table  16  compares  the  torque-tension  relationship  of  an  ivd 
aluminum  coated  bolt  >  cadmium  plated  nut  combination  to  the  cadmium-plated 
baseline  data.  In  order  to  obtain  a  20,000-pound  load: 

0  Basically  the  same  torque  Is  required  to  load  both  the  IVD 
aluminum  coated  bolt  -  cadmium  plated  nut  combination  and  the  cad^i^l urn-plated 
combination  for  the  first  Installation  cycle. 

0  The  difference  Increases  to  about  10-12  percent  for  the 
IVD  aluminum  -  cadmium  combination  for  the  next  five  cycles. 

0  The  difference  then  decreases  to  about  0-3  percent  for  the 
seventh  through  the  fifteenth  cycle. 


TABLE  16.  EFFECT  ON  TORQUE  (INCH-ROUNDS)  REQUIRED  TO  PRODUCE 

20.000-POUND  LOAD  WHEN  USING  A  CADMIUM-PLATED  NUT  WITH  AN 
IVD  ALUMINUM-COATED  BOLT  IN  ADDITION  TO  C-601-S  LUBRICANT. 


Ir\«t'l 

Cycle 


CdBoH 

and 

CdNut 

IVD  Al  BoK 
and 

CdNut 

645 

650 

663 

742 

675 

750 

675 

758 

669 

750 

663 

725 

675 

692 

675 

663 

669 

675 

669 

683 

663 

667 

656 

667 

650 

667 

650 

658 

663 

667 

%  InerMM 
Ov*rCd-Cd 
Baulin* 


MCAIR  then  determined  the  effect  of  applying  Carbowax  to  the 
IVO  aluminum-coated  nut  prior  to  applying  the  C-501-S  lubricant.  Carbowax  is 
a  wax-type  lubricant  that  SPS  Technologies  applies  to  standard,  cadmium-plated 
locknuts  like  the  47FLW-820  test  nut  unless  otherwise  specified.  It  Is  used 
to  reduce  galling  and  seizing  (Reference  l4). 

Carbowax  did  lessen  the  torque  required  for  the  IVO 
aluminum-coated  combination  in  the  first  Installat’^n  from  about  30  percent  to 
21  percent.  The  torque  required  for  subsequent  cycles  was  about  the  same  as 
that  for  IVD  aluminum  without  carbowax  (Table  14).  The  torque-tension 
comparison  to  the  cadmium-plated  hardware  baseline  Is  shown  In  Table  17. 


TABLE  17.  EFFECT  ON  TORQUE  (INCH-POUNDS)  REQUIRED  TO  PRODUCE 
20,000-POUND  LOAD  WHEN  USING  CARBOWAX  AS  A 
SUPPLEMENTAL  LUBRICANT  IN  ADDITION  TO  C-601-S.  LUBRICANT. 


lltti'l 

Cycl* 

CdBoK 

and 

CdNui 

IVDAI  Bolt 
and 

tVD  AINut* 

%incraaBa 

OvarCcLCd 

Batalina 

1 

645 

782 

21.2 

2 

663 

811 

3 

675 

782 

15.9 

4 

675 

771 

14.2 

5 

669 

761 

13.8 

6 

663 

750 

13.1 

7 

675 

743 

10.1 

8 

675 

736 

6 

669 

725 

8.4 

10 

669 

725 

8.4 

11 

663 

714 

7.7 

12 

656 

704 

7.3 

13 

650 

714 

9.8 

14 

65U 

704 

8.3 

15 

663 

711 

7-2 

■  c«rtx>wax  Bodted  to  rtui  only 


HCAIR  Obtained  good  results  i*Tth  a  group  of  three  dr>-f11m 
supplemental  lubricants  recommended  by  the  E/h  Corp  for  this  type  of 
application.  The  lubricants  have  either  a  graphite  or  a  molyOdenum  disulfide 
base  as  described  in  Table  13,  The  torque-tension  characteristics  of  IVD 
aluminum-coated  hardware  that  had  these  lubricants  applied  and  then  topcoated 
with  C-601-S  synthetic  graphite  cccpared  favorably  wnn  the 
cadmium-plated-hardware  baseline.  In  general,  the  most  favorable  results 
occurred  before  the  dry-film  lubricant  began  to  wear  off.  Torque-tension 
differences  did  increase  slightly  in  the  last  eight  installation  cycles  or  so 
and  basically  provided  the  same  results  for  these  cycles  as  IVD  aluminum 
without  the  supplemental  libr leant. 

MCAIR  also  evaluated  E/h  Corp.  supplemental  lubricants  applied 
only  to  the  IVO  aluminum-coated  nuts  for  five  installation  cycles.  Once 
again,  torque-tension  characteristics  compared  favorably.  The  data  indicates 
that  treatment  of  the  nut  with  only  the  supplemental  lubricant  is  adequate. 

The  comparison  of  IVD  aluminum  to  cadmium-finished  hardware 
when  using  Everlube  1346  as  a  supplemental  601  Is  shown  in  Table  18.  It  shows 
that  to  obtain  a  20,000-pound  load  in  the  aluminum-coated  hardware: 

0  About  eight  percent  more  torque  is  required  during  the 
first  installation  cycle. 

0  The  difference  is  basically  within  five  percent  for  the 

next  10  cycles, 

0  The  difference  increases  to  about  7-10  percent  for  the 
last  five  cycles.  This  compares  with  the  results  of  C-bOl-S  only  on  the  IVD 
aluminum-coated  hardware  (Table  14)  and  Indicates  wear  removal  of  the  Everlube 
1346, 
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TABLE  18.  EFFECT  ON  TORQUE  (INCH-POUNDS)  REQUIRED  TO  PRODUCE  20,000- 
POUND  LOAD  WHEN  USING  EVERLUBE  1346  AS  A  SUPPLEMENTAL 
LUBRICANT  IN  ADDITION  TO  C-601-S  LUBRICANT. 


Intt'i 

Cycl* 

CdBott* 

bind 

CdNut 

IVD  AIBoH** 
and 

IVD  Al  Nut 

%lncraa»a 

OvarCd-Cd 

Baaallna 

IVD  Al  Bon*’ 
and 

IVD  Al  Nut 

%lnereaM 

OvarCd-Cd 

Basallna 

1 

645 

700 

6.5 

750 

16.3 

2 

663 

650 

(2.0) 

675 

1.8 

3 

675 

650 

0-7) 

650 

(3.7) 

4 

675 

650 

(3.7) 

650 

(3.7) 

5 

669 

675 

0.0 

663 

(0.0) 

6 

663 

713 

6.0 

7 

675 

675 

- 

S 

675 

675 

e 

669 

675 

0.0 

10 

669 

700 

4.6 

11 

663 

700 

4.6 

12 

656 

700 

6.7 

13 

650 

700 

7.7 

14 

650 

713 

0.7 

15 

663 

713 

7.S 

1 

»  Uibhcatad  with  C^1-S  only. 

b  IVD  bolt  and  IVD  nut  both  lubrioated  with  E/M  Corp  Evarlubo  EM-13a6  prior  to 


application  o(  C-601-S. 

c  IVD  nut  only  kJbricalad  «rlth  E/M  Corp.  Evariub*  EM-1346  prior  to 
applisaiion  of  C-M1-S. 


The  comparison  of  IVD  aluminum-  to  cadmium-finished  hardware 
when  using  Everlube  EM-6256  as  a  supplemental  lubricant  is  shown  in  Table  19. 
It  shows  that  to  obtain  a  20,000-pound  load  In  the  IVD  aluminum-coated 
hardware  I 

0  Less  than  five  percent  more  torque  is  required  for  the 
first  five  installation  cycles. 

0  The  differences  increases  to  a  maximum  of  about  15  percent 
In  the  thirteenth  cycle  before  decreasing  to  about  11  percent  for  the 
fifteenth  cycle. 
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TABLE  19.  EFFECT  ON  TORQUE  (INCH-POUNDS)  REQUIRED  TO  PRODUCE  20,000- 
POUND  LOAD  WHEN  USING  EVERLUBE  EM<6256  AS  A  SUPPLEMENTAL 
LUBRICANT  IN  ADDITION  TO  C-601-S  LUBRICANT. 


Inst’i 

Cyel* 

CriBoH* 

and 

CdNirt 

IVD  Al  Boh** 
and 

IVD  Al  Nut 

^IncrutoM 

OvarCtf-Cd 

B«Mllna 

IVD  Al  BoH*’ 
and 

IVD  Al  Nut 

%  IncrcaM 
OvarCd-Cd 
BaMlina 

1 

645 

663 

2.7 

688 

6.6 

2 

663 

675 

1.S 

625 

(5.6) 

3 

675 

675 

— 

605 

(11.6) 

4 

675 

675 

— 

595 

(11.8) 

5 

669 

700 

4.8 

598 

(10.6) 

« 

663 

738 

11.3 

7 

675 

700 

e 

875 

725 

6 

669 

725 

10 

669 

725 

8.4 

11 

663 

763 

13.1 

12 

656 

-  750 

14.6 

13 

650 

750 

15.4 

14 

650 

725 

11.5 

IS 

663 

738 

11.3 

■  Lubricatod  Mlth  C-601-S  only. 

b  IVD  boll  ar>d  IVO  nut  both  tubricoted  wtth  E/M  Corp.  Ev«f1ub«  EM-628C  prior  to 
application  of  C-601-S. 

c  IVD  nut  only  lubricatad  wtth  E/M  Corp.  Evariubo  EM^29£  prior  to 
•ppUc^tion  of  O^t-S. 


The  comparison  of  IVO  aluminum-  to  cadmium-plated  hardware  when 
using  EM-6286  as  a  supplemental  lubricant  Is  shown  In  Table  20.  It  shows  that 
to  obtain  a  20,000-pound  load  in  the  IVO  aluminum-coated  hardware: 

0  About  eight  percent  more  torque  Is  required  in  the  first 
installation  cycle. 

0  The  difference  is  basically  less  than  five  percent  for  the 
second  through  the  tenth  cycle. 

0  The  difference  Increases  to  a  maximum  of  10  percent  during 
the  last  five  cycles.  This  also  compares  with  the  results  of  C-601-S  only  on 
the  IVD  aluminum-coated  hardware  (Table  14)  which  indicates  wear  removal  of 
the  EH-6286. 
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TABLE  20.  EFFECT  ON  TORQUE  (INCH-POUNDS)  REQUIRED  TO  PRODUCE  20.000- 
POUND  LOAD  WHEN  USING  EVERLUBE  EM-6286  AS  A  SUPPLEMEf^AL 
LUBRICANT  IN  ADDITION  TO  C-601-S  LUBRICANT. 


OvarCtfOd 

BcmIIm 


CdBoK* 

and 

CdNut 

IVD  A!  BoH*’ 
and 

IVD  Al  Nut 

645 

700  j 

663 

663 

675 

675 

675 

688 

669 

700 

663 

763 

675 

7t3 

675 

700 

669 

700 

669 

700 

663 

700 

656 

700 

650 

713 

650 

713 

663 

725 

a  Lubricated  ¥irlth  C-601-d  only. 

b  IVD  bolt  and  IVD  nut  both  lubricated  with  E/M  Corp  Everlube  EM-e286  prior  to 
application  o(  C-601-S. 

e  IVD  nut  only  lubricated  wttb  E/M  Corp  Evertube  EM-62B6  prior  to 
application  ot  C-eoi-S. 


Similar  patterns  were  observed  for  all  three  supplemental 
lubricants  when  applying  them  to  the  IVD  aluminum-coated  nuts  only.  The 
initial  torque  ranged  from  1-16  percent  higher  in  relation  to  the 

cadmium-plated-hardware  baseline  Put  dropped  to  values  ranging  from  two 
percent  higher  to  IE  percent  lower  for  the  nest  four  cycles. 

Figure  34  presents  an  overview  of  the  torque-tension 
characteristics  associated  with  the  various  factors  tested  with  the  use  of 
C-601-S  lubricant.  It  shows: 

0  The  basic  difference  bet-.-^en  IVD  aluminum-  and 

cadmium-finished  hardware.  . 


SO 


0  A  positive  effect  In  reUtlon  to  cadmium-finished  baseline 
when  using  either  of  the  following: 

Cadmium-plated  nut  with  IVD  aluminum-coated  bolt 

Everlube  1346  applied  to  the  IVO  aluminum-coated  bolt 
and  nut  as  a  supplement  to  C-601-S 


0  2  4  6  a  10  12  14  16 

installation  CycW 


Figure  34.  Torque  Required  to  Generate  20,000-Pound  Axial  Load. 


b.  Kith  NIL-T-83483  molybdenum  disulfide  -  petrolatum 

MCAIR  generated  data  for  three  different  MIL-T-83483 
lubricants.  Although  not  widely  used  by  the  ALCs,  Its  usage  Is  allowed  as  an 
option  to  MIL-T-5544  by  OEMs  like  Bendix  for  some  wheel  tie-bolts.  ,  The 
combined  torque-tension  characteristics  are  shown  in  Table  21.  The  torque 
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TABLE  21.  TORQUE  (INCH-POUNDS)  REQUIRED  TO  PROVIDE  20,000-POUND 
LOAD  FOR  IVD  ALUMINUM-  AND  CADMIUM-FINISHED  HARDWARE 
USING  MIL-T-83483  MOLYDENUM  DISULFIDE  -  PETROLATUM  LUBRICANT. 


Iniil 

Cyeto 

CdBolt 

■ndCd 

Nut 

IVD  AI  Boh 
•ndlVDAINut 

refit  IncTMM 
Ovf  C(HOd 

666 

828 

20.7 

661 

BIO 

20.3 

67S 

BOS 

1B2 

672 

783 

16.5 

5 

663 

765 

15.4 

6 

664 

767 

15.5 

667 

731 

10.0 

722 

B.6 

SS9 

703 

6.7 

10 

636 

690 

62 

11 

649 

681 

4.9 

12 

645 

680 

5.4 

13 

636 

675 

6.1 

14 

626 

672 

72 

IS 

620 

666 

7.4 

required  to  produce  a  20|000-pound  tensile  load  in  the  IVD  aluminum-  and 
cadmium-finished  hardware  Is  compared  In  Table  21.  The  recorded  torques  for 
each  Installation  cycle  Is  the  average  of  nine  data  points  for  each  finish  and 
combines  the  various  KIL-T-834B3  lubricants.  In  order  to  obtain  a 
20,000-pound  load: 


0  Approximately  21  percent  more  torque  Is  required  to  load 
the  IVD  aluminum-coated  hardware  during  the  first  installation  cycle  than  to 
load  the  cadmium-plated  hardware. 


0  The  difference  drops  to  about  15  percent  for  the  fifth 

cycle. 

0  The  difference  is  below  10  percent  for  the  eighth  through 
fifteenth  cycles. 

The  data  generated  for  the  Fel-Pro  Inc.,  Moly-50  and  E/H  Corp., 
CP-116  MIL-T-83483  lubricants  was  similar.  Both  the  IVD  aluminum  and 
cadmium-finished  hardware  lubricated  with  Armite  Laboratories  HIL-T-83483 
require  torque  amounts  ranging  up  to  10  percent  higher  than  that  required  for 
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the  other  two.  Individual  data  sheets  are  located  in  Appendix  A.  The  Table 
21  data  compares  very  closely  to  the  data  generated  with  the  KIL~T-5544 
lubricant  shown  in  Table  14. 

c.  With  other  lubricants 

MCAIR  did  not  find  any  other  lubrication  that  performed  as  well 

by  Itself  as  the  baseline  NlL>T-5544  synthetic  graphite  -  petrolatum  lubricant 

other  than  the  MlL-T-e3483  molybdenum  disulfide  •>  petrolatum  lubricant.  There 

was  no  intention  to  recommend  a  change  from  the  basic  lubricants  In  use  unless 

required.  Therefore,  the  performance  of  the  additional  lubricants  that  were 

tested  is  not  discussed  here.  However,  torque-tension  and  other  installation 

data  is  located  in  Appendix  A  for  all  the  bolt  finish  -  nut  finish  -  lubricant 

combinations  that  are  listed  .in  Table  12. 

* 

2.  Wheel  Tie-Bolt  Torque-Tension  Data 

The  00-ALC/MHILBE  (F.  0.  Zvech)  provided  HCAIR  with  Information  on 
four  ALC  wheel  tie-bolt  and  nut  applications  to  generate  data.  After 
obtaining  the  hardware,  HCAIR  replaced  the  cadmium  finish  on  half  of  it  with 
IVO  aluminum.  A  description  of  the  bolts  and  nuts  is  given  in  Tables  22  and 
23,  respectively. 

HCAIR  recorded  torque-tension  characteristics  to  establish  a 
baseline  consisting  of  cadmium-plated  bolts  and  nuts  lubricated  with  C-601-S 
HIL-T-5544  Synthetic  graphite.  HCAIR  Ihen  compared  IVD  aluminum-coated  hard¬ 
ware  to  the  cadmium-plated  baseline.  Additional  comparisons  were  generated 
for  combinations  consisting  of; 

0  IVD  aluminum-coated  bolts  and  cadmium-plated  nuts.  This 
combination  not  only  compared  favorably  in  relation  to  the  cadmium-plated 
baseline  In  the  generic  test  but  is  also  the  most  probable  ALC  combination. 

0  IVD  aluminum-coated  bolt  and  IVD  aluminum-coated  nut  with  the 
nut  treated  with  a  supplemental  lubricant  prior  to  the  application  of  the 
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TABLE  82.  DESCRIPTION  OF  \«rt«£EL  TIE-BOLTS. 


- “1 

Bolt 

Dtacriptlon 

ThnadfiSiw 

9oR  :| 

Length  j 

Oorrooion  Prevanttv<i  FInIch 

•i>d 

Beaertpdon 

Grip 

On.) 

Total 

(In.) 

Oodmkm 

IVD  Aluminum 

S  Tv»«lv«  PolfTi 
^jrt*vrtai  Wrenching - 
leO.CW  p«d 

NAS632-18 

0.7500-16 

UNJF-SA 

1.12S 

2.118 

Fluoba’ate  Plate 
PerNAS672 

Claea  3,  Type  II, 

Per  MIL-«^83488 

Wheel,  Ter^•ion, 
Ranged,  Steel, 
180kel,Fft„«50*F, 
External  Wrenching 

GY1810-36 

(Goodyear) 

0.62S-1& 

UNJF.3A 

2250 

3.18 

Ruohorate  Plate 
PerNAS672 

Dees  3,  Type  II, 

Per  MlL-C-63488 

Wheel,  Terwiort, 
Ranged,  Steel, 

220  kei,  F*,,  4S0»F. 
External  Wrenching, 
Spline  Drive 

MS14163- 

0SO48 

0.5625-18 

UNJF4A 

3.000 

4.02S 

Vacuum  DepocHed 
Per  MIL-C-8837 

Type  II,  Claaa  2 

Claea  3,  Type  II, 
Per  MIL-C-83488 

Tenaion,  Steel, 
Externa!  Wrenching, 
Rar^ged,  12  Point, 

180  kei,  ^0°F 

MS21250. 

05016 

0.3125-24 

‘UNJF-SA 

1.000 

1.645 

Plate  Per  0O-P4 16, 
Type  11,  Claaa  2 

Oaea  3,  Type  II, 
Per  MIL-C-834a8 

TABLE  23.  DESCRIPTION  OF  WHEEL  TIE-BOLT  NITTS. 


Nut 

Deecriptlon 

Nut 

Deelgnatlon 

ThreedSIxe 

Nut 

Conoelon  Preventtva  Flrdeh 

end 

Deecriptlon 

Height 

(In.) 

Cadmium 

IVD  Aluminum 

Rexioc,  Tension,  Double 
Hexagon,  Ranged,  Self- 
Locking,  Alloy  Steel, 

180  ksi,  450°S  LJghlwelght 

47FLW-1216 
(SPS  Tech) 

0.7500  -.6 
UNJF-3B 

0.750 

P'-f.liPerQO-P-416, 
Type  li,  Cieae  2 

Class  3,  Type  11, 
Per  MIL-C-63488 

Rexioc,  Teneioa  Double 
Hexagon,  Ranged,  Self- 
Locking.  Alloy  SteN, 

180  ksi,  450‘F,  LigfXweight 

47FLW-1018 
(SPS  Tech) 

0.6250-18 

UNJF-3B 

0.650 

Plate  PerQO-P-466, 
Type  11,  Cieae  2 

Claaa  3.  Type  II, 
Per  VIIL-C-83486 

Spline  Drive,  Flanged, 
Seif-Locking,  Alloy  Steel, 

220  kal,  0.562-18 

78502-918 

0.562-18 

UNJF-3B 

0.585- 

0.600 

Plate  Per  QC-P-416. 
Type  II,  Ctaae  2 

aaae  3,  Type  II. 
Per  MIL-C-83488 

Rexfoc,  Teneion,  Double 
Hexagon,  Ranged,  SeH- 
LockJng,  AJloy  Steel, 

180  kei,  450'F,  UghiwelglTl 

42R.W-524 
(SPS  Tech) 

02125-24 

UNJF-3B 

0263 

Plate  Per  03^-416, 
Type  I,  Ciaae  3 

Case  3,  Type  II. 
Per  MIL-C-83488 
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C-601-S  lubricant.  This  combination  lessened  torque-tension  differences 
between  IVD  aluminum  and  cadmium  In  the  generic  test  for  the  first  several 
Installation  cycles  where  differences  are  most  pronounced. 

The  test  set-up  Is  the  same  as  that  described  for  Figure  32  except 
spacers  were  used  as  required  to  compensate  for  bolt  length.  Figure  35 
exemplifies  spacer  use.  A  6SE,  Inc.  Itodel  FT-312  Fastener  Force  Transducer 
was  used  for  the  5/16-1nch  diameter  bolts  and  a  Kodel  FT-750  transducer  was 
used  for  the  9/16-,  5/8-«  and  3/4-1nch  diameter  bolts.  Additional  spacers 
were  used  to  center  the  9/16-  and  5/8-1nch  diameter  bolts  within  the 
transducer.  The  same  two  transducers  were  used  as  applicable  to  generate  all 
of  the  data  and  their  calibration  was  verified  to  be  correct  throughout  the 
evaluation. 

The  data  generated  for  each  set  of  wheel  tie-bolt  hardware  Is 
located  in  Appendix  B  and  consists  of  the  same  Information  outlined  in  Figure 
33  except  the  torque-tension  relationship  was  established  by  recording  the 
load  generated  by  the  required  Installation  torque  for  each  of  the  four 
different  size  bolts. 

a.  For  the  3/4- inch  diameter  hardware 

The  torque-tension  comparisons  generated  for  the  3/4-inch 
diameter  tie-bolt  show  that  the  load  generated  by  a  torque  of  2100  inch-pounds 
decreases  for  IVD  aluminum-coated  hardware  by  10-17  percent  In  relation  to  the 
cadmium-plated  baseline  (Table  24). 

The  use  of  a  cadmium-plated  nut  with  the  IVO  aluminum-coated 
bolt  falls  within  nine  percent  of  the  cadmium  baseline.  The  difference  Is 
within  five  percent  for  11  of  the  15  Installation  cycles  as  shown  in  Table  24. 

The  use  of  a  supplemental,  dry-film  lubricant  on  the  IVD 
aluminum-coated  nut  prior  to  application  of  mL-T-5544  lessens  the  difference 
between  IVD  aluminum-  and  cadmium-finished  hardware  as  shown  In  Table  25. 
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The  best  results  were  obtained  using  EM-6286.  Differences  were  less  than 
three  percent  for  the  first  five  installations  and  no  acre  thsn  11  percent  for 
the  15  cycles. 


Figure  35.  Use  of  Spacers  to  Compensate  for  Soft  Length 


TABLE  24.  AXIAL  LOAD  (POUNDS)  GENERATED  IN  3/4  INCH  DIAMETER 
VmEEL  TIE-BOLTS  BY  2,100  INCH-POUNDS  OF  TORQUE. 


tnit'l 

Cycli 

c«  Bon* 
■nd  CdNut 

IVD  Al  Bolt* 
and  IVD  Al  Nut 

NrctnlChtnga 
From  Cd-Cd  Bstilint 

n/DAIBoR* 
and  CdNut 

Partont  Chang* 
Fnai  Cd-Cd  BaMlina 

1 

3?I,S43 

33  RQ*' 

-14.5 

40,310 

♦1.9 

i 

39,310 

35,270 

-103 

42,657 

♦8.5 

s 

10.083 

33,837 

-13.4 

42,537 

♦4.8 

4 

40,023 

35.240 

-12.0 

42,463 

♦8.1 

s 

40,326 

35,537 

-11.9 

42,097 

♦4.4 

€ 

42,627 

36,423 

-14.6 

43,437 

♦1.0 

7 

42,200 

36,460 

-13.6 

44,617 

♦8.7 

» 

43,053 

36,280 

-15.7 

44,370 

♦3.1 

0 

42,960 

37,080 

-13.7 

44,467 

♦3.5 

10 

43,740 

36,847 

-15.8 

43,287 

-1.0 

11 

44,937 

37,200 

-172 

43,050 

”4.0 

12 

44,660 

37,903 

-15.1 

42,860 

-4.2 

13 

44,323 

37,373 

-15.7 

43.653 

-1.6 

14 

43,887 

36,880 

-16.0 

43.667 

-0.5 

IS 

43,123 

38,137 

-11.6 

43,937 

♦1.9 

•  Bo}i»><<iiutKit>ric«l»awt*)C-eoi-S«ynt>9tlcorsphh«b*kifea«cMr«Wlatlon. 
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TABLE  25.  EFFECT  ON  AXIAL  LOAD  (POUNDS)  GENERATED  IN  3/4  INCH 
DIAMETER  WHEEL  TIE-BOLTS  BY  2.100  INCH-POUNDS  OF 
TORQUE  WHEN  SUPPLEMENTAL  LUBRICANT  IS  APPUED  TO 
eVD  ALUMINUM-COATED  NUT. 


btti'l 

Cycis 

C4Bon* 
■ndCd  Nut 

Arc  Al  loll* 
ead  nro  Al  Nut 

PsicSBl  Change 

Frem  Cd-Cd  Bsuline 

1 

39,543 

31,850" 

36,840" 

40,070" 

-10.4* 

-6.8* 

♦14" 

2 

39,310 

37,630 

37,080 

39,160 

-44 

-6.7 

-0.4 

3 

39,083 

36,500 

37420 

38,580 

-8.4 

-4.5 

-14 

4 

40,023 

37,040 

30,910 

38,940 

-7.5 

-04 

-2.7 

5 

40,326 

38,020 

33,690 

38,350 

-3.5 

-16.5 

-2.4 

6 

42,627 

36,900 

35,950 

39,850 

-13.4 

-15.6 

-6.5 

7 

42,200 

36,520 

36,310 

39,600 

-13.5 

-14.0 

-€.2 

S 

43.053 

36,310 

35,510 

38,300 

-15.7 

-17.5 

-11.0 

8 

42,060 

36,670 

36,040 

39,460 

-14.6 

-16.1 

-8.1 

10 

43,740 

36,820 

36,700 

39,640 

-15.8 

-16.1 

-«.4 

11 

44,S37 

36,280 

37,480 

39,990 

-104 

-16.6 

-11.0 

12 

44,660 

35,870 

37,010 

30,080 

-10.7 

-17.1 

-10.5 

13 

44,323 

35,760 

36,800 

40,340 

-104 

-16.8 

-0.0 

14 

43,881 

34,900 

38,670 

39,540 

-20.5 

-11.0 

-«.o 

IS 

43,123 

33,840 

37,210 

40,640 

-21.6 

-13.7 

-jiJ 

•  Boti  and  nut  kjbricalad  witfi  C-601  -S  tynthaUc  graphttt  bator*  Mch  ktttalalion. 


b  Nut  kibrlcatad  with  Evorbba  1 346  dry-IUm  kibriotni  tetor*  applicatton  o< 
c  NutkjfaAaMwItiDa-eZSediyAmlubttanlbajbraviptelaitof&MI-S. 
d  Nut  tubitoltd  «Mh  EM-S2U  dry-Mm  (ubrlcant  b*io«  Nyfcdtot  of  C-401-S. 


The  torque-tension  comparison  for  the  four  bolt  finish  -  nut 
finish  -  lubricant  combinations  described  above  are  plotted  In  Figure  36. 


InsUllatlon  Cycles 


Figurs  36.  Axial  Load  Generated  In  3/4  inch  Diameter  Wheel  Tie-Bolt  by  2,100 
'4Hojb-P«tmdt  •(  Toniue. 
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b.  For  the  5/8-lnch  diameter  hardware 


The  torque-tension  comparisons  generated  for  the  5/8-1nch 
diameter  tie-bolt  show  that  the  load  generated  by  a  torque  of  1620  Inch-pounds 
decreases  for  the  IVO  aluminum-coated  hardware  by  10-27  percent  In  relation  to 
the  cadmium-plated  hardware  (Table  26).  The  decrease  generally  drops  below  20 
percent  after  the  second  cycle. 


TABLE  26.  AXIAL  LOAD  (POUNDS)  GENERATED  IN  5/8  INCH  DIAMETER 
WHEEL  TIE-BOLTS  BY  1^20  INCH-POUNDS  OF  TORQUE 


Inst'i 

Cycl* 

caBott* 
tnd  Cd  Nut 

IVD  AS  BoN* 
and  ^0AlNut 

Farcant  Chang* 
From  Cd4;d  Btttlini 

IVDAJBdR* 
and  Cd  Nut 

Farcant  Changa 
Frem  Cd-Cti  Batalina 

n 

35.390 

25,767 

212 

38,214 

48.0 

mm 

33,633 

26,213 

22.2 

34,083 

43.8 

33,213 

27,863 

16.0 

34,693 

44.5 

n 

34,093 

28,730 

15.7 

35,017 

42.7 

34.230 

28,893. 

15.6 

35,330 

43.2 

34,057 

20.847 

12.4 

35,033 

42.9 

34,580 

27,533 

20.4 

34,813 

40.7 

■9 

34,477 

28,170 

183 

35,477 

42.9 

9 

34,357 

26,907 

15.0 

35,090 

42.1 

10 

34,060 

26,903 

16.2 

35,333 

43.7 

11 

32,910 

29.437 

10.6 

35,600 

4<i 

12 

32,700 

28,977 

11.6 

35,767 

40.1 

13 

33,720 

29,103 

13.7 

36,000 

46.7 

14 

32,790 

29,327 

10.6 

35,943 

40.6 

15 

32,813 

29,313 

10.7 

35,620 

.3.6 

•  Bo*  md  nU  luhrlcwWd  C-aoi-<  graptiW  Mar»  mch  IntWiiign. 


The  decrease  transitioned  to  an  Increase  in  generated  load  when 
using  a  cadmium-plated  nut  with  the  IVD  aluminum-coated  bolt  (Table  26)  in 
relation  to  the  cadmium  baseline.  Differences  were  less  than  10  percent  for 
all  cycles  and  were  within  five  percent  for  the  second  through  the  tenth 
cycle. 


The  use  of  a  supplemental,  dry-film  lubricant  on  the  IVD 
aluminum-coated  nut  prior  to  the  application  of  MIL-T-B544  lessen  the 
difference  between  IVD  aluminum-  and  cadmium-finished  hardware  as  shown  in 
Table  27.  The  best  results  were  obtained  using  EM-6256.  Differences  were 
less  than  five  percent  for  the  first  four  installation  cycles  and  no  more  than 
10  percent  for  the  15  cycles. 
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TABLE  27.  EFFECT  ON  AXIAL  LOAD  (FOUNDS)  GENERATED  IN  5/8  INCH 
DIAMETER  WHEEL  TIE-BOLTS  BY  1^20  INCH-POUNDS  OF 
TORQUE  WHEN  SUPPLEMENTAL  LUBRICANT  IS  APPUED  TO 
IVD  ALUMINUM-COATED  NUT. 


iMi'l 

Cyela 

C4B9R* 
and  CdNut 

IVD  Allan* 
mdlVDAlNul 

Pareant  Cbanga 

Fnm  Cd-Cd  Baaillna 

1 

35,390 

33,475* 

34,905* 

34,615* 

-6.4* 

-1.4* 

-2.2'' 

2 

33,693 

32,115 

32,455 

31,410 

-4.7 

-8,7 

-8.8 

3 

33,213 

32,285 

31,825 

31,675 

-2.9 

-4Jl 

-4.6 

4 

34,093 

29,555 

33,330 

29,635 

-13J 

-2.2 

-13.1 

S 

34,230 

30,475 

32,060 

29,025 

-11.0 

-152 

6 

34,057 

29,300 

32,200 

30,520 

-14.0 

-6.5 

-10.4 

7 

34,580 

29,455 

30,980 

30,810 

-14.8 

-10.4 

-10.9 

8 

34,477 

29,655 

31,900 

29,460 

-14,0 

-7.8 

-14.6 

8 

34,357 

29,200 

31,530 

29,940 

-15.0 

-8.2 

-12.9 

10 

34,080 

29,235 

31,150 

28,985 

-14.2 

-8.6 

-15.0 

ii 

32,910 

29.575 

30,695 

28,770 

-10.1 

-6.7 

-12.6 

12 

32,790 

28,900 

30,950 

29,075 

-11.9 

-6.S 

-112 

13 

33,720 

28,980 

31,000 

29,170 

-14.0 

-8.1 

-13.5 

14 

32,790 

26,575 

30,315 

28,830 

-12.9 

-7.6 

-12.1 

15 

32,813 

29,975 

30,655 

28,390 

-8.6 

-6.6 

-13.5 

a  Bolt  and  nut  lubricaud  C^i-S  tyntiMtic  gtaphlu  bator*  each  InataSatun. 
b  Nut  ktbricalad  with  Evaduba  1346  dry-fUm  kibricanl  bafcxa  ii;)d<ication  ol  C-601-S. 
e  Nut  kjbrtcatad  artth  EM-e256  d^-lllm  lubricant  balora  apn^Ucaton  of  C-601-S. 
d  Nut  hibricatad  with  EM -6286  (by-film  lubricant  balora  application  of 


The  torque-tension  comparisons  for  the  four  bolt  finish  - 
finish  -  lubricant  combinations  described  above  are  plotted  In  Figure  37. 


Axial  35^-  B 
Load 


Figure  37.  Axk.1  Load  Generated  In  6/8  lr>cb  Diameter  Wheel  Tle-BoR  by 
1,620  bch-Pounds  of  Torque. 


c.  For  the  9/16-1nch  diameter  hardware 

The  torque-tension  comparisons  generated  for  the  9/16-1nch 
diameter  tie-boUs  show  that  the  load  generated  by  a  torque  of  1860 
inch-pounds  decreases  for  the  IVD  aluminum-coated  hardware  by  7-34  percent  in 
relation  to  the  vacuum  cadmium-coated  bolt  and  cadmium-plated  nut  (Table  26). 
The  difference  was  less  than  10  percent  only  in  the  first  Installation  cycle. 


TABLE  28.  AXIAL  LOAD  (POUNDS)  GENERATED  IN  0/16  INCH  DIAMETBR 
WHEEL  TIE-BOLTS  BY  INCH-POUNDS  OF  TORQUE. 


Intt'l 

Cyeli 

Vie  Cd  Beit* 
ind  Cd  Nut 

IVOAISoll* 
and  n/DAINut 

Pimnt  Chinai 
From  Cd.Cd  Bisilini 

IVD  Al  Bolt* 
and  Cd  Nut 

Ptreint  Changi 
Fram  Cd-Cd  Biualini 

1 

37.283 

34.820 

^.6 

39,910 

♦7.0 

37.803 

29.530 

-21.8  i 

40,700 

♦7.7 

39.000 

27.190 

-30.3 

40,110 

♦2.8 

33.803 

30.450 

-23.S 

40,620 

♦2.1 

41.230 

31.340 

-24.0 

40,070 

-2.8 

6 

42.317 

29.740 

-29.7 

40,140 

-6.1 

42.567 

29,500 

-30.1 

39.760 

-6.6 

■9 

42.173 

29,430 

-30.2 

40,080 

•41.0 

0 

42.270 

29,540 

-30.1 

40,000 

-6.4 

10 

42.407 

29,800 

-29.7 

41.070 

-3.2 

11 

43.887 

29,580 

-32.6 

41,390 

-6.7 

12 

44.570 

29,170 

-34.5 

40.8B0 

-83 

13 

43.820 

29,200 

-33.4 

40,630 

-73 

1-1 

44.467 

29,360 

-34.0 

39,770 

-10.6 

15 

44.353 

29,550 

-33.4 

38,520 

-13.2 

a  Bott  and  nut  lubricaWd  with  C-e01  -S  aynthatic  graphlla  b«far»  awi)  inatalalian. 


The  decrease  transitions  to  an  increase  in  generated  load  for 
the  first  four  cycles  when  using  a  cadmium-plated  nut  with  the  IVD 
aluminum-coated  bolt  (Table  28)  in  relation  to  the  cadmium  baseline. 
Differences  were  less  than  10  percent  for  the  first  13  cycles. 

The  torque-tension  comparisoi.i  for  the  bolt  finish  -  nut  finish 
-  lubricant  combinations  described  above  are  plotted  in  Figure  38. 
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□  Cd-Cd 


Figure  38.  Axial  Load  Generated  in  9/15  Inch  Diameter  Wheel  Tie-BoK  by 
1360  Inch-Pounds  of  Torque. 


d.  For  the  5/X6-1nch  diameter  hardware 

The  torque-tension  comparisons  generated  for  the  5/16-inch 
diameter  tie-bolts  show  that  the  load  generated  by  a  torque  of  250  inch-pounds 
is  essentially  the  same  for  the  IVO  aluBinum-  and  cadmium-finished  hardware 
(Table  29). 


TABLE  29.  AXIAL  LOAD  (POUNDS)  GENERATED  IN  S/16  INCH  DIAMETER 
WHEEL  TiE-BOLTS  BY  250  INCH4»0UNDS  OF  TORQUE. 


Intel 

Cycli 

CdBoK* 
and  Cd  Nirt 

IVO  N  Son* 
and  IVO  Al  Nut 

Parctnt  Chang# 
Fran  Cd-Cd  Batalina 

iVDAJBett' 
wd  Cd  Nut 

Parcini  Changa 
Ffcm  Cd-Cd  Batalina 

1 

8,378 

8,112 

-d.2 

9.267 

410.6 

2 

7,897 

7,995 

412 

9,086 

415.1 

®  177 

8.585 

45.0 

3,524 

^9 

4 

8;229 

8,897 

48.1 

8,652 

45.1 

S 

8,294 

8,222 

-o.t 

8,742 

45.4 

6 

8,492 

8,552 

40.7 

9,011 

4<.1 

7 

8,543 

8,750 

42.4 

8,004 

45.4 

1 

8,773 

8,840 

40.8 

9,093 

43.6 

0 

8,571 

8,823 

429 

9,292 

48.4 

10 

«,SS5 

8,748 

-1.5 

9,404 

45.8 

11 

8.720 

8,729 

40.1 

8,328 

47.0 

12 

8,827 

8,797 

-02 

8,614 

48.9 

13 

8.798 

8,923 

41.4 

8.691 

4102 

14 

8,910 

8.748 

41.8 

8,809 

410.1 

15 

8,757 

8,813 

40.6 

8.762 

411.5 

a  Bott  and  nu1  lubdcal»d  wtti  C-e01-S  »ynt>«tic  grapNto  b«lor»  Mcr\  tnctafiation. 
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The  use  of  a  cfidmium-plated  nut  with  the  lYD  aluminum-coated 
bolt  increased  the  load  generated  In  the  IVD  aluminum-coated  bolt  in  relation 
to  the  cadmium  baseline  (Table  29).  The  Increase  is  generally  within  n 
percent  for  14  of  the  15  installation  cycles. 

The  use  of  a  supplemental,  dry  film  lubricant  on  the  IVD 
aluminum-coated  nut  prior  to  application  of  MlL-T-5544  also  Increased  the  load 
generated  In  the  IVD  aluminum-coated  bolt  in  relation  to  cadmium  baseline 
(Table  30).  The  differences  were  generally  less  than  10  percent.  The  best 
results  were  obtained  using  Everlube  1346.  Differences  were  less  than  seven 
percent  for  all  .\5  cycles. 


TABLE  30.  EFFECT  ON  AXIAL  LOAD  (POUNDS)  GENERATED  IN  5/16 
INCH  DIAMETER  WHEEL  TIE-BOLTS  BY  250  INCH-POUNDS 
OF  TORQUE  W.IEN  SUPPLEMENTAL  LUBRICANT  iS  APPLIED 
TO  IVD  ALUMINUM-COATED  NUT. 


bul'l 

Cyeli 

£4  Belt* 
■nd  C4  Nut 

IVD  4I  Bon^ 

Md  IVD  A1  Nut 

Pertani  CKange  j 

Fnm  Cd-Cd  Bafttlini  j 

1 

8,378 

8,192* 

9,518* 

9,332* 

-2.2  * 

413.6* 

411.4* 

2 

7,897 

8,373 

8,806 

8,542 

48.0 

411.6 

483 

3 

8,1  n 

8,540 

8,617 

8,440 

44.4 

454 

433 

4 

8,229 

8,598 

8,772 

8,851 

44.5 

48.6 

47.6 

5 

0,294 

8.429 

8,461 

8,774 

41.6 

42.0 

45.6 

a 

8,492 

8,624 

8,556 

8,974 

41.6 

40.8 

45.7 

H 

8,543 

9,102 

8,977 

9,199 

48.5 

45.1 

47.7 

8 

8,773 

8,966 

9,046 

8,202 

42.2 

43.1 

44.8 

9 

8,571 

8,990 

8,985 

8,323 

44.9 

44.8 

48.8 

10 

8,885 

8,956 

9,178 

8,518 

40.8 

433 

47.1 

11 

8,720 

9,250 

9,128 

8,538 

48.1 

44.7 

48.4 

12 

8,827 

9,116 

6,180 

0,634 

433 

44.0 

48.1 

13 

8,798 

6,180 

9,299 

9,508 

443 

45.7 

473 

14 

8,910 

9,462 

9,374 

8,734 

4«3 

453 

48.2 

15 

8,767 

9,120 

9,087 

8,878 

44.1 

43.8 

412.8 

a  Bon  4nd  nut  Ubricclod  with  C-OOt-S  aynthttic  gr«{)hn*  bwfort  MSh  Insurilalion. 

■»  rfUl  »W1  .VJa^  WIMI  siwTiy&w  mSTSCS*!*  i  m  (“w*. 

c  Nut  tubrkalwd  witi  EM-t25e  lubricant  baloia  applicatiofi  el  0401  -8. 
d  Nut  iubricatad  with  EM-«zae  dy-fam  lubrcant  babra  apf>lbaton  o(  0401-8. 
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The  torque-tension  comparisons  for  the  four  bolt  finish  -  nut 
finish  -  lubricant  combinations  described  above  are  plotted  in  Figure  39. 

10 

Axial  e 

Load 

1,000 1>  a 

7 
10 

Axial  g 

Load 

1.000  b  a 

7 

0  2  4  6  a  10  12  14  16 

installation  Cycias 


Figure  39.  Axial  Load  Genaratad  in  sns  Inch  Diameter  Wheal  Tle>BoH  by  250  lneh4>(Hind9  of  Torque. 


3.  Engine  Bolt  Torque-Tension  Data 

MCAIR  coordinated  a  test  program  with  the  OC-ALC  (References  15,  16, 
17)  in  which  torque-tension  comparisons  were  established  for  the  following 
TF30  engine  hardware: 


0  The  OC-ALC/MHPRA  (D.  1.  Evans)  supplied  MS920S-13  diffused 
nickel -cadmium  plated  bolts  and  Pratt  ft  Whitney  (P&W)  564706  cadmium-plated 
nuts  that  are  used  on  the  TF30  assembly.  The  l/4-1nch  diameter  hardware  is 
lubricated  w^^h  MIL-L-23699  engine  oil  before  installation. 


0  MCAIR  obtained  MS9210-25  diffused  nickel-cadmium  plated  bolts 
and  P&W  767709  cadmium-plated  nuts  to  repeat  a  P&W  test  (Reference  10).  The 
P&W  test  showed  significantly  lower  loads  developed  with  the  IVD 
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aluminum-coated  hardware  In  relation  to  diffused  nickel-cadmium  plated  bolt 
and  cadmium-plated  nut  hardware  combinations  at  similar  torque  values.  P&w 
tested  the  5/16-inch  diameter  hardware  lubricated  with  MIL-L-23699  engine  oil. 

KCAIR  removed  the  diffused  nickel-cadmium  and  cadmium  platings  from 
half  of  the  hardware.  These  nuts  and  bolts  were  then  coated  with  an  ivo 
aluminum.  Class  3,  Type  II  coating  per  MIL-C-83488  to  meet  the  design 
requirement  for  thickness  which  is  0.0003-0.0005  Inches.  Descriptions  of  the 
bolt  and  nut  are  shown  in  Tables  31  and  32,  respectively. 


TABLE  31 .  DESCRIPTK3N  OF  TF30  ENGINE  BOLTS. 


Bon 

Dokigrtation 

t 

Thrud  Size 

Bolt 

Length 

Corroalon  Pravantiva  FSnlah 

DOII 

Datcrlptfon 

•nd 

DaacdpUon 

Grip 

(In.) 

Total 

On.) 

Cadmium 

IVD  Aluminum 

M>chin*-St««l,  Al/S  e304, 
Diftusad  NIckal-Ctdrnium 
Platad,  Doubts  Haxagon 
Extandad  Wathar  Haad, 
0.3125-24  UNJF.3A 

MS9210-25 

0.3125-24 

UNJF-3A 

0.940- 

1.875 

Dtffuaad  Niokal- 
Cadmium  Plata 
Par  AMS  2416 

Claaa  3,  Type  )l. 
Par  MIL-C-8348e 

Machina-Steol,  AMS  6304, 
Diffused  Nickal-Cadmium 
Plated,  Doubla  Hexagon 
Extended  Washer  Haad, 
0JJ5O-28  UNJF-3A 

MS9209-13 

0.2500-26 

UNJF-3A 

0.128- 

0.188 

0.938 

Diffusad  NicAal- 
Cadmium  Plata 
Par  AMS  2416 

Claaa  3,  Typo  II, 
Par  MIL-C-«34e8 

TABLE  32.  DESCRIPTION  OF  TF30  ENQU'IE  NUTS. 


Nut 

Nut 

Thntod  Size 
eoKl 

Daocripiion 

Nut 

Corroalon  Pravantfva  Flnlah 

Doecrlption 

Doaignation 

Haight 

rafv%  *  1. 

IVW  Miumiiiwiis 

Raxioc,  Tanaion,  OouUa 
Kaxagorv  Flars^ad,  Satf- 
Lockir^,  Alloy  Staot, 
180kai,450*F  Ughtwoight 

42FLW-524 

(SPSTach) 

C.3125-24 

UNJF-36 

0383 

Plata  Par 
OO-P-416, 

Typa  1,  due  3 

Cloai.  3,  Typo  il. 
Per  MIL-C-83488 

Doubla  Haxagon,  SaH* 
Louking.  Alloy  Steel 

58-1706 

(PAW) 

0.2500-28 

UNJF.3B 

0363 

Plata  Per 
oap-Ate, 

Tvpta  It,  Ctaoa  2 

Oaat  3,  Typo  li, 
Per  MIL-C-834SS 

94 


The  torque-tension  data  was  generated  by  holding  the  bolt  head  fixed 
and  rotating  the  nut.  The  test  set-up  was  the  same  as  that  described  for 
Figure  32  except  a  GSE,  Inc.  Model  FT-250  Fastener  Force  Transducer  was  used 
for  the  l/4-1nch  diameter  hardware  and  a  Model  FT-312  was  used  for  the 
5/16-inch  diameter  hardware.  The  same  transducers  were  used,  and  their 
calibration  was  verified  to  be  correct,  throughout  the  evaluation. 

a.  For  TF~30  engine  hardware 

MCAIR  generated  torque-tension  data  for  six-sets  of  HS9209-13 
bolts  and  PIW  564706  nuts  with  the  following  bolt  finish  -  nut  finish  - 
lubricant  combinations: 


0  Three-set's  had  the  bolts  and  nuts  coated  with  IVD  aluminum 
and  were  lubricated  with  MlL-L-23699  engine  oil. 

0  Three-sets  had  the  bolts  plated  with  diffused 
nickel -cadmium  and  the  nuts  plated  with  cadmium  and  were  lubricated  with 
MIL-L-23699  engine  oil. 

A  thin  film  of  engine  oil  lubricant  was  brush  applied  to  the 
threaded  areas  of  the  nuts  and  bolts.  The  lubricant  was  removed  and  reapplied 
between  each  installation.  The  data  generated  for  each  set  of  fasteners  is 
located  in  Appendix  C.and  consists  of  the  same  information  outlined  for  Figure 
33  except: 


running  torque  (removal  cycle) 
loading/removal  cycles. 


t 1m  m  mm 
^  ivaaw 


M  ^  M  \ 

IC/^ 


breakaway  torque,  and 
were  measured  on  the  first  and  fifth 


0  Torque-tension  relationship  -  this  relationship  was 
established  by  recording  the  tensile  loads  generated  by  65  and  85  inch-pounds 
of  torque  which  is  the  normal  installation  range.  The  tensile  load  generated 
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by  85  Inch-pounds  of  torque  was  neasured  for  five  cycles.  The  tensile  load 
generated  by  85  Inch-pounds  of  torque  was  recorded  for  the  first  and  fifth 
Installation  cycles. 

The  torque-tension  comparisons  generated  during  this  test 
(Table  33)  show  that  the  lubricated  IVO  alumi nun-coated  hardware  was  actually 
more  highly  loaded  by  both  65  and  85  Inch-pounds  of  torque  during  the  first 
two  Installation  cycles  than  was  the  diffused  nickel -cadmium  plated  bolt  « 
cadmium  plated  nut  coniOlnatlon.  The  torque-tension  relationship  transitioned 
during  the  second,  third,  and  fourth  cycles  from  being  slightly  more 
lubricious  with  IVD  aluminum  plus  oil  to  being  slightly  more  lubricious  with 
diffused  nickel-cadmium  and  cadmium  plus  oil.  The  load  generated  In  the  IVD 
aluminum-coated  hardware  ranges  from  41  percent  higher  to  13  percent  lower 
using  the  load  generated  In  diffused  nickel-cadmium  plated  hardware  as  the 
baseline.  The  Items  to  be  considered  Include: 

0  The  higher  load  generated  by  85  Inch-pounds  of  torque  for 
the  IVO  aluminum-coated  condition  during  the  first  Installation  cycle  does  not 
"overload"  the  fastener.  The  average  generated  load  of  2493  pounds  Is  only 
33  percent  of  the  ultimate  strength  of  the  bolt. 

0  The  total  "scatter"  between  the  highest  and  lowest  IVO 
aluminum  loads  and  the  highest  and  lowest  diffused  nick el -cadmium  loads  Is 
only  14  percent  at  the  high  end  and  6  percent  at  the  low  end.  In  other  words, 
the  highest  loaded  lYO  aluminum  cycle  (first)  produces  a  14  percent 
improvement  over  the  highest  loaded  diffused  nickel-cadmium  cycle  (fourth) 
while  the  lowest  IVO  aluminum  cycle  (fifth)  produces  a  6  percent  Improvement 
over  the  lowest  loaded  diffused  nickel-cadmium  cycle  (first).  See  Figure  40. 

b.  For  repeat  of  test 

MCAIP  generated  torque-tension  data  for  14-sets  of  HS9210-25 
bolts  and  SPS  42FLU-524  nuts  with  the  following  bolt  finish  -  nut  finish  - 
lubricant  combinations  to  repeat  the  paw  test  (Reference  lO): 
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TABLE  33.  COMPARISON  OF  LOADS  GENERATED  FOR  IVD 

ALUMINUM^^OATED  AND  DIFFUSED  NICKEL-CADMIUM 
PLATED  HARDWARE  LUBRICATED  WITH  OIL: 
USS209-13  BOLTS  AND  P&W  554706  NUTS. 


0  Six-sets  ^a(]  the  bolts  end  nuts  finished  with  IVO 
aluminum.  Three  sets  were  lubricated  with  HIL-L-23699  engine  oil.  The  other 
three-sets  were  not  lubricated. 

0  Six-sets  had  the  bolts  finished  with  diffused 
nickel -cadmium  and  the  nuts  with  cadmium.  Three  sets  were  lubricated  with 
D4IL-L-23699  engine  oil.  The  other  three-sets  were  not  lubricated. 

0  Two-sets  had  the  bolts  finished  with  IVO  aluminum  and  the 
nuts  finished  with  cadmium.  One  set  was  lubricated  with  MIL-L-23699  engine 
oil.  The  other  set  was  not  lubricated. 

For  the  lubricated  hardware,  a  thin  film  of  engine  oi''  was 
brush  applied  to  thf>  threaded  areas  of  the  nuts  and  bolts.  The  lubricant  was 
removed  and  reapplied  between  each  installation.  The  data  generated  for  each 
set  of  fasteners  is  located  in  Appendix  C  and  consists  of  the  same  information 
outlined  for  Figure  33  except: 

0  Running  torque  (loading  cycle),  breakaway  torque,  and 
running  torque  (removal  cycle)  -  were  recorded  on  the  first  and  fifth 
loading/removal  cycles  (first  only  for  non-lubricated  hardware). 

0  Torque-tension  relationship  -  The  tensile  load  generated 
by  100,  200,  and  300  inch-pounds  of  torque  was  measured  for  five  installation 
cycles  (one  cycle  only  for  non-lubricated  hardware)  which  was  a  repeat  of  the 
paw  test  procedure  (Reference  10). 

The  torque-tension  comparisons  (Table  34)  generated  during  this 
test  show  a  decrease  in  axial  load  generated  by  the  lubricated  IVO 
aluminum-coated  hardware  in  relation  to  the  lubricated  diffused  nickel-cadmium 
baseline.  The  decrease,  however,  is  In  the  area  of  20  percent  and  may  fall 
into  an  acceptable  installation  range.  In  contrast,  the  P&W  data  showed 
decreases  in  the  amount  of  load  generated  by  aluminum-coated  hardware  in  the 
area  of  70  percent. 
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TABLE  34.  COMPARISON  OF  AXIAL  LOADS  GENERATED  FOR 
tVD  ALUMINUM  COATED  AND  DIFFUSED 
NICKEL-CADMIUM  -  CADMIUM  PLATED  HARDWARE 
LUBRICATED  WITH  OIL:  MSd21l>*25  BOLTS  AND 
SPS  42FLW-524  NUTS. 


Installation 

Cyeia 

Axial  Lead  (lb)  Ganaratad 
^100  (ln.-lb)  of  Torquo 

Paroarrt  Dacraaaa 

From  Cadmium*  BasalIrM 

Cadmium* 

1 

24S2 

2013 

17.8 

5 

2017 

1571 

22.1 

Axial  Load  (ib)  Ganaratad 

by  200  (In.-tb)  of  Torqua 

Cadmium* 

tVD  Aluminum^ 

1 

5465 

4506 

17.5 

5 

4039 

3370 

16.6 

Axial  Load  (Ib)  Ganaratad 

by  300  (ln.-lb)  of  Torqua 

Cadmium* 

5 

IVD  Aluminum 

1 

e269 

6366 

23.0 

5 

6300 

4705 

25.0 

■  Cadmium  indicatet  a  diffused  nlci«i-cadmkim  piatad  bolt  and  a  oadmlunn 


platad  nuL 

b  IVO  atumiixjm  lodk^ilM  on  IVO  aJumlnum  ooatod  boH  and  nut 


Figure  41  shows  the  original  data  generated  by  P&W  plotted 
against  the  newly  generated  HCAIR  data.  The  P&W  data  was  unique  in  that  It  is 
the  only  entry  In  the  MCAIR  test  data  library  that  shows  such  wide  differences 
in  torque-tension  characteristics  between  IVO  aluminum  and  cadmium  when  using 
lubrication. 


The  value  of  lubricating  lYD  aluminum-coated  hardware  is 
exempl  fled  by  comparing  the  decrease  in  generated  loads  when  comparing 
non-lubricated  IVD  aluminum  to  non-lubricated  diffused  nickel-cadmium.  In 
this  situation,  there  is  a  decrease  in  generated  load  of  50  percent  and  more 
(Table  35)  with  IVD  aluminum. 
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Torqu* 


Flgurt  41.  Comparfaon  of  Torque  vs  Axial  Load  for  Data  Generated 
by  P&W  and  by  MCAIR  for  Diffused  NIckal-CadmIum 
and  IVD  Aluminum-Finished  Hardware. 


TABLE  35.  COMPARISON  OF  AXIAL  LOADS  GENERATED  FOR  VARIOUS 
BOLT  FINISH  -  NUT  RNISH  COMBINATIONS  THAT  ARE  NOT 
LUBRICATED  WITH  OIL:  MS9210-2S  BOLTS  AND 
SPS  42FLW-524  NUTS. 


irv\rwi|jde 

Axial  Load  (lb)  Oanaratod 
by  1DC  •!««'-&>  VI  Tor^ud 

Panwnt  Dacraaae 

rrdfn  Cadmium”  Baaellrw 

(lrV'*lD} 

C«FCd* 

IVD  Al-M)  AI** 

IVDAI-Cd* 

IVD  AMVD  AI” 

IV0AI-Cd« 

100 

2,010 

1,107 

2,876 

62.1 

1.S 

200 

6,353 

2,005 

5,520 

66.4 

14.0 

300 

0,001 

4,710 

7,836 

46.1 

13.2 

a  Cd-Cd  IndicatM  a  dirrused  nicktr-cadmiurri  piatad  boK  end  a  cadmium  piahtd  nut 
l>  IVD  AI-IVD  AI  Indicalac  an  IVO  aluminum  coatad  bolt  and  nut 
c  IVO  Al-Cd  indIcalBC  an  IVO  alurrlnum-coatad  bolt  and  a  cadmium-plalad  nut 
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MCAIR  projects  that  the  coinblnatlon  of  IVD  aluminum-coated 
bolts  and  cadmium-plated  nuts  Is  a  probability  at  most  of  the  ALCs  for  reasons 
stated  earlier  In  this  section.  The  torque-tension  data  for  this  combination 
is  s.iown  In  Table  36.  It  shows  a  decrease  In  the  axial  load  generated  In  the 
IVO  aluminum-coated  boll  In  the  first  cycle.  This  transitions  to  a 
substantial  increase  in  axial  load  generated  In  the  fifth  cycle. 


TABLE  36.  COMPARISON  OF  AXIAL  LOADS  GENERATED  FOR 
IVO  ALUMINUM-COATED  BOLT  -  CADMIUM-PLATED 
NUT  AND  DIFFUSED  NICKEL-CADMIUM-PLATED 
BOLT  -  CADMIUM-PLATED  NUT  WHEN  LUBRICATED 
WITH  OIL:  MS9210-2S  BOLTS  AND  SPS  42FLW-624  NUTS. 


c  M  boMi  anl  nuW  kXxteHiJ  angifw  ol 

k  Otf-ca  hilriaBi  a  dMuaad  ntohaUaaarnljm  plctad  bok  md  oadmfam  k>ta<  nU. 
•  ^  Al-Cd  Indkadau  an  IVD  afcatWmm-ooaial  ImII  and  gadmium-ftalad  nuL 


D.  SUPPORTING  TORQUE/TENSION  DATA 


The  following  torque-tension  data  was  compiled  during  Phase  I  of  this 
program  (Reference  1). 


MCAIR  stated  In  Reference  1  that  aluminum  has  a  higher  coefficient  of 
friction  than  cadmium.  Therefore,  a  higher  torque  Is  required  to  Install 
aluidnum-coated  fasteners  to  a  given  tension  preload  than  If  the  fastener  was 
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cjdmium  plated.  It  was  also  reported  that  the  use  of  a  lubricant  on  the 
aluminum-coated  fastener  and/or  nut,  however,  eliminates  or  greatly  reduces 
torque-tension  differences.  This  section  of  supporting  data  compares 
torque-tension  values  for  IVD  aluminum,  cadmium,  and  diffused  nickel-cadmium 
finished  fasteners  with  and  without  the  use  of  lubricants. 

SPS  Technologies  (Reference  18)  generated  torque-tension  data  for  IVD 
aluminum-coated  and  cadmium-plated  alloy  steel  hardware;  H-11  EBW22-4-22  bolts 
and  F22  locknuts.  When  both  the  bolt  and  nut  were  coated  with  IVD  aluminum, 
approximately  60  percent  more  torque  was  needed  to  produce  a  2000  pound 
tension  load  then  when  both  were  cadmium-plated.  Using  a  cadmium-plated 
nut  with  the  IVD  aluminum-coated  bolt  reduced  the  difference  to  approximately 
15  percent.  When  the  IVD-coated  nuts  and  bolts  were  lubricated  with  cetyl 
alcohol,  the  torque  for  a  given  induced  tension  load  was  actually  70  percent 
less  than  if  the  nut  and  bol.t  were  cadmium-plated.  In  this  test,  therefore, 
the  effect  of  the  lower  lubricity  of  the  IVD  aluminum  coating  was  more  than 
offset  by  the  addition  of  a  lubricant. 

HCAIR  compiled  data  from  two  series  of  torque-tension  tests  (Reference 
19)  conducted  during  formal  qualification  of  ivo  aluminum  as  an  acceptable 
alternative  to  cadmium.  In  the  first  series  of  tests,  the  Initial  torque 
required  to  develop  a  1200-pound  tension  load  in  3/16-1nch  diameter  nonlub- 
rlcated,  IVD  aluminum-coated  or  cadmium-plated  bolts  was  measured  for  various 
nut  configurations.  The  relative  torque  differences,  based  on  an  average  of  8 
tests  for  each  condition,  are  as  follows: 

0  An  8  percent  higher  torque  was  required  using  IVD  aluminum  versus 
cadmium  when  the  torque  was  applied  to  cadmium-plated,  nonlocking,  nonlubri- 
cated  nuts. 

0  An  8  percent  higher  torque  was  required  using  IVD  aluminum  versus 
cadmium  when  the  torque  was  applied  to  cadmium-plated,  dry-film-lubricated, 
self-locking  nuts. 


102 


0  The  same  torque  was  required  using  IVD  aluminum-  and  cadmium- 
finished  bolts  when  the  torque  was  applied  to  the  bolts  with  cadtniutn-plated, 
dry-film-lubricated,  self-locking  nuts. 

0  A  36  percent  higher  torque  was  required  using  IVD  aluminum  versus 
cadmium  when  the  torque  was  applied  to  the  bolts  with  cadmium-plated, 
dry-film-lubricated,  self-locking  gang  channel  nuts. 

In  the  second  series  of  tests,  the  initial  torque  required  to  induce  a 
specific  tension  load  in  3/16-inch  diameter,  IVD  aluminum-coated  or 
cadmium-plated  bolts  was  measured.  Some  of  the  bolts  were  lubricated  and  the 
torque  was  applied  to  cadmium-plated,  dry-film- lubricated,  self-locking  nuts. 
The  test  results  are  as  follow: 

0  A  10  percent  higher  torque  was  required  using  IVD  aluminum  versus 
cadmium  to  attain  a  560-pound  load  in  a  nonlubricated  bolt. 

0  An  8  percent  higher  torque  was  required  using  IVD  aluminum  versus 
cadmium  to  attain  a  560-pound  load  in  a  lubricated  bolt. 

0  The  torques  required  using  IVD  aluminum  and  cadmium  finishes  were 
approximately  the  same  to  attain  a  ZOOO-pound  load  in  a  lubricated  bolt. 

Boeing  conducted  torque-tension  tests  co.T!paring  IVD  aluminum  and  diffused 
nickel-cadmium  on  nonlubricated  H-11  steel  bolts  (Reference  11).  The  bolts 
were  loaded  to  50  percent  of  their  yield  strength.  The  torque-tension  curves 
produced  using  the  IVD  aluminum  finish  were  nearly  Identical  to  those  produced 
using  diffused  nickel-cadmium. 

The  Hi-Shear  Company  also  evaluated  torque-tension  using  IVD  aluminum  and 
diffused  nickel-cadmium  on  lubricated  H-II  pin  and  collar  type  fasteners 
(Reference  12).  They  reported  that  torque-tension  was  essentially  unaffected 
by  any  differences  in  the  two  finishes. 


In  contrast  however,  P4W  reported  that  a  considerably  higher  torque  was 
required  with  IVD  aluminum  in  comparison  to  diffused  nickel-cadmium  (Reference 
10).  Axial  load  versus  applied  torque  for  30  bolts  (HS9210-Z1)  finished  with 
IVD  aluminum  and  diffused  nickel-cadmium  was  evaluated.  The  effect  on  engine 
oil  on  the  bolts  was  also  measured  since  It  was  common  practice  to  dip  the 
bolt  in  oil  before  assembly,  in  all  cases,  the  IVD  aluminum-finished  bolts 
required  a  higher  torque  to  produce  the  same  axial  load  than  did  the  diffused 
nickel-cadmium-finished  bolts.  For  example,  the  diffused  nickel-cadmium 
finished  bolt  was  torqued  to  70  inch-pounds  to  produce  a  load  of  1000  pounds 
while  the  aluminum-finished  bolt  required  168  inch-pounds.  MCAIR  repeated 
this  test  earlier  in  this  section  and  reported  torque-tension  differences  of 
about  20  percent  between  IVD  aluminum  and  diffused  nickel -cadmium. 

A  review  of  production  operations  involving  the  use  of  IVD  aluminum  as  a 
replacement  for  cadmium  on  fasteners  verifies  the  relative  ease  that  such  a 
changeover  can  be  accomplished  for  most  applications.  Some  of  v-hese  opera¬ 
tions  have  been  ongoing  for  the  past  14  years.  For  the  most  part,  they  have 
been  accomplished  with  no  more  than  the  use  of  a  lubricant  and  without 
significant  changes  to  installation  procedures  or  tools. 

E.  DISCUSSION 

MCAIR  generated  a  significant  fastener  installation  databank  by  recording 
torqua-tension  and  other  installation  characteristics  for  174  sets  of  hardware 
with  various  bolt  finish  -  nut  finish  -  lubricant  combinations.  This  activity 
was  directed  at  wheel  tie-bolts  and  threaded  engine  hardware.  These 
applications  were  identified  as  being  areas  of  concern  when  replacing  cadmium 
processing  with  IVD  aluminum  at  the  ALCs. 

Torque-tension  data  was  generated  to: 

0  Establish  a  baseline  for  the  cadmium  finishes  and  lubricants  now  in 
use  at  the  ALCs. 
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0  Directly  compare  IVO  aluminum-coated  bolts  end  nuts  to  the 
cadmium-plated  baseline. 

0  Directly  compare  the  combination  of  IVD  aluminum-coated  bolts  and 
cadmium-plated  nuts  to  the  cadmium-plated  baseline. 

c  Establish  procedures/lubricants  which  will  lessen  the  basic 
difference  between  IVD  aluminum  and  cadmium  without  Impacting  existing  ALC 
procedures. 

1.  Hheel-Tle  Bolts 

HCAIR  conducted  evaluations  on  generic  wheel  tie-bolts  first.  This 
study  established  a  baseline  for  cadmium-plated  hardware  with  synthetic 
graphite  -  petrolatum  lubrication  per  MlL-T-5544  which  is  now  In  use  at  the 
ALCs.  The  study  also  Indicated  that  the  use  of  MIL-T-5544  and  MIL-T-83483 
lubrications  produced  the  best  results  of  the  various  lubricants  tested  for 
cadmium-plated  hardware.  HlL-T-83483  is  allowed  as  an  optional  lubricant  for 
some  wheel  tie-bolts  but  Its  use  Is  minimal  In  comparison  to  MlL-T-5544  at  the 
ALCs.  Therefore,  the  baseline  for  the  actual  cadmium-plated  wheel  tie-bolts 
was  also  established  with  HIL-T-5544. 

Direct  comparisons  between  IVD  aluminum-  and  cadmium-finished  wheel 
tie-bolts  lubricated  with  HIL-r-5544  established  that  more  torque  Is  required 
to  generate  a  specific  load  In  the  IVD  aluminum-coated  hardware.  The 
difference  Is  generally  most  pronounced  for  the  first  Installation  or  two  and 
Is  In  the  general  area  of  20  percent.  This  difference  lessens  with 
Installations  as  the  IVD  aluminum  coating  is  “broken  1n“.  There  was  no 
indication  of  galling  or  seizing  during  the  I5-cyc1e  Installation.  In  fact, 
the  IVO  aluminum-coated  hardware  trended  U  be  more  lubricious  with  usage.  A 
“break-in"  installation  cycle  or  two  would  be  advantageous  providing  the 
hardware  Is  lubricated  for  each  installation. 
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The  comDinatlon  of  !V0  aluminum-coated  bolts  and  cadmium-plated  nuts 
compared  very  favorably  In  all  cases  with  the  cadmium-finished  baseline  for 
both  the  generic  evaluation  and  testing  of  actual  wheel  tie-bolt  hardware. 

This  combination  is  the  most  probable  at  the  ALCs.  Nuts  are  usually 
scrapped  during  a  maintenance  overhaul  for  both  economical  and  functional 
reasons.  New  nuts  that  are  then  used  with  the  refurbished  bolts  are  vendor 
supplied  with  a  cadmium  finish.  There  are  no  current  plans  to  change*  the 
finish  on  vendor-supplied  hardware. 

The  use  of  a  supplemental  dv-y-film  lubricant  applied  to  the  IVD 
aluminum-coated  nut  prior  to  application  of  MIL-T-5544  synthetic  graphite 
lessens  the  difference  between  aluminum-coated  hardware  and  the 
cadmium-finished  baseline.  The  effect  of  the  dry-film  supplemental  lubricant 
Is  the  most  pronounced  during  the  first  several  installations  before  it  begins 
to  wear.  Once  worn,  this  combination  basically  tracks  the  results  of  IVD 
aluminum  coating  without  supplemental  dry-film.  The  benefit  during  the  first 
several  installation  cycles  is  significant  in  that  the  most  difference  between 
IVD  aluminum  and  cadmium  otherwise  occurs  in  the  first  several  cycles.  The 
use  of  a  supplemental  lubricant  on  IVD  aluminum-coated  nuts  should  have  little 
impact  on  the  ALCs  as  lubricated  nuts  would  be  vendor  supplied,  A  finish 
change  to  IVD  for  vendor-supplied  hardware  would  Include  a  requirement  for  the 
dry  film  lubricant. 

2.  Engine  Bolts 

The  torque-tension  baseline  for  the  threaded  engine  hardware  was 
established  for  the  actual  ALC  practice;  namely,  diffused  nickel -cadmium 
plated  bolts  and  cadmium-plated  nuts  lubricated  with  HIL-L-23699  engine  oil. 

Direct  comparisons  between  IVO  aluminum-coated  and  the  cadmium 
baseline  produced  minted  results.  The  IVD-coated  hardware  was  more  highly 
loaded  during  the  first  few  installation  cycles  for  the  MS9209-13  bolts  and 
P&W  564706  nuts.  The  cadmium-finished  hardware  was  more  highly  loaded  for  the 


106 


MS9210-25  bolts  and  SPS  42FLW-524  nuts.  Toroue-tenslon  characteristics  for 
both  aluminum  and  cadmium  varied  significantly  during  a  five-cycle  evaluation. 
There  was  more  consistency  with  IVD  aluminum  as  generated  loads  dropped  for 
subsequent  Installations  during  both  tests.  Generated  loads  for  cadmium 
increase  ln  one  test  and  decrease  In  the  other.  There  was  little  difference 
between  aluminum  and  cadmium  when  their  perspective  highs  and  lows  were 
compared. 


The  use  of  a  c^dniuM-plated  nut  with  the  IVD  aluminum-coated  bolt 
resulted  In  significantly  ..igher  loads  generates  In  the  IVD  aluminum  -  cadmium 
ct'mbinations  when  compa.-ino  rfla<:ive  Installation  cycles.  This  difference 
once  again  was  greatly  reduced  when  compa'^ing  perspective  highest  loads. 

MCAIR  suggests  that  the  only  sigrificant  concern  may  be  with  the  use 
of  a  combination  consisting,  of  an  IVD  eVjmitiuni-coated  bolt  and  nut  with  no 
lubrication.  Even  without  lubrication,  the  difference  is  greatly  alleviated 
with  the  use  of  a  cadmium-plated  nut. 

F.  CONCLUSION 

MCAIR  concludes  that  both  wheel  tie-bolts  and  engine  bolts  can  be 
refurbished  by  the  ALCs  with  IVD  aluminum  in  place  of  both  caeSnium  and 
diffused  nickel-cadmium  without  torque-tension  concerns  when  used  with  either 
cadmium-plated  or  IVD  aluminum-coated  nuts  and  existing  ALC  lubricants. 

MCAIR  suggests,  however,  that  in  the  event  of  concern,  the  ALCs  may  want 
to  consider  the  use  of  a  supplemental  dry-film  lubricant  plus  the  standard 
MIL-T-5544  lubricant  on  the  nuts  when  using  IVD  aluminum-coated  wheel 
tie-bolts  and  nuts. 
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SECTION  V 


EROSION  RESISTANCE  CHARACTERISTICS 


A.  PROBLEM 

IVD  aluEDinuRi  Is  reUtlvely  soft*  as  Is  cadRilum.  Neither  Is  well  suited 
for  Applications  requiring  a  high  degree  of  erosion  resistance.  Diffused 
nickel-cadmium  Is  anre  erosion  resistant  than  cadmium  by  Itself  and  is 
commonly  used  by  the  ALCs  on  engine  details.  I  VO  aluminum  can  easily  be 
applied  thicker  than  what  is  normal  for  nickel-cadmium,  and  this  advantage  nay 
result  1n  comparable  erosion  resistance  or  even  improved  erosion/corrosion 
resistance.  Thicker  IVD  aluminum  coatings  may  not  always  be  possible, 
however,  because  of  tolerance  limitations.  Therefore,  an  Improvement  in 
erosion  resistance  Is  desired  when  there  is  a  requirement  to  use  thinner  IVD 
aluminum  coatings. 

B.  SOLUTION/APPROACH 

Preliminary  erosion  resistance  testing  of  an  IVD  aluminum  basecoat 
enhanced  by  an  erosion  resistant  topcoat  was  encouraging.  It  Is  proposed  that 
this  work  be  continued.  Work  by  Chromalloy  Compressor  Technologies,  for 
example,  demonstrated  the  erosion-resistant  characteristics  of  an  IVD  aluminum 
basecoat  with  their  specially  formulated  conversion  topcoat  (Reference  20). 
Although  the  comparison  was  not  with  a  cadmium  process.  It  does  Indicate  the 
potential  for  such  combination  coatings. 

Another  area  that  may  be  Investigated  Is  the  erosion  resistance  of 
various  aluminum  alloys  applied  by  the  IVD  process.  An  alumlnufli  alloy 
different  than  the  soft,  basically  pure,  1100  aluminum  alloy  that  Is  normally 
used  may  well  provide  Improved  erosion  resistance. 
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C.  DATA 


HCAIR  Initially  generated  conparatlve  erosion  resistance  data  between  I VO 
alunlnufli  coating  and  diffused  nlckeUcadmlun.  After  establishing  baselines 
with  these  two  protective  finishes,  HCAIR  evaluated  the  effect  of  different 
sealcoats/topcoats,  additional  alumlnuB  alloys  as  the  IVD  evaporant,  as  well 
as  ceramlc-aetalllc  pa1nt>type  coatings  In  relation  to  the  baseline  values. 

The  various  finishes  were  applied  to  4-1nch  by  6-1nch  alloy  steel  panels. 
All  of  the  coeiparative  data  was  generated  by  glass  bead  peening.  BT-lO  glass 
beads  were  used  at  peen  pressures  of  40  and/or  60  psi.  The  peener  nozzle  was 
held  six-inches  above  the  finished  panel  In  such  a  Banner  as  to  provide  a 
90-degree- Impingement  angle.  The  erosion  resistance  test  stand  Is  shown  In 
Figure  42. 


Rguraaz.  Erosion  ReiUetanc*  Tust  Stand. 
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Erosion  rates  are  based  on  the  first  Indication  of  penetration  through 
the  protective  finish  to  the  substrate.  It  is  noteworthy  to  Mention  that  the 
failure  Mode  for  IVO  alunlnum  coatings  generally  consisted  only  of  a  snail 
vo1d(s)  within  the  erosion  pattern  area  In  the  coating.  The  retnalning 
aluoiinun  coating  In  the  pattern  area  was  generally  0.0001-0.0003  Inch  which 
would  still  offer  corrosion-  and  erosion-resistance  protection.  Diffused 
nlckel-cadtnluiD,  cn  the  other  hand,  eroded  More  evenly  with  virtually  no 
protective  finish  remaining  In  the  erosion-pattern  area. 

Erosion-resistance  baselines  are  shown  In  Table  37  for  IVO  aluninum 
coating  using  1100  aluminum  and  for  diffused  nickel-cadirlum.  The  1100  alloy 
aluRilnuro  wire  Is  the  standard  evoporant  used  with  the  IVC  process  and  Is  99 
percent  pure  aluminum  at  a  Minimum.  The  baseline  data  Indicates  that  the 
erosion  rate  for  HOC  alloy  IVO  aluminum  coating  Is  3.S-4.0  times  faster  than 
that  for  diffused  nlckel-cadnlum. 


TABLE  37.  EROSION  RESISTANCE  BASEUNE: 
IVD  ALUMINUM  AND  DIFFUSED 
NICKEL-CADMIUM. 


ProtwctNd  Finish 

ErMlon  R«to  (mil*  p*r  sscond) 

40p«l 

OOpsI 

IVD  Aluminum 

0.004fi 

0.0087 

Dtffussd  NIchsl-Csdmium 

0.0012 

0.0025 

These  differences  can  be  readily  offset  for  aost  applications  involving 
refurbished  engine  details  with  a  thicker  IVO  aluminum  coating  that  can  be 
easily  applied  without  functional  degradation. 

MCAIR,  however,  did  evaluate  the  effect  of  various  sealcoats/topcoats  and 
aluminum-alloy  evaporants  for  those  applications  where  coating  thickness  may 
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be  a  factor.  The  best  results  were  obtained  with  an  alMsinusi-alloy  evaporant 
that  contained  12-percent  silicon.  This  finish,  which  can  be  deposited  with 
standard  IVO  aluninu.n  coating  equipment,  showed  an  Improvement  of  40-percent 
over  the  standard  1100  aluninuni  alloy  when  peened  at  40  PSI  (Table  38). 


TABLE  38.  EROSiON  RESISTANCE  COMPARISON 
OF  ALUMINUM  ALLOY  EVAPORANTS. 


Aluminum  Alloy 
EvoporanI 

Eroolon  Roto  (mlto  por  OMond)  j 

AOpol 

eo  poi 

1100  Al* 

0.0048 

0.0067 

Ai-eicsi'* 

« 

0.0046 

0.0071 

AI-12SSI* 

0.0020 

0.0072 

■  Aloy  oontalni  approidmitWy  90%  Wumhum 
b  ANoy  oontairif;  approidmatafy  04%  Wumlnum  -  •%  alioon 
c  Aiby  oonMnc  afptfudmaMy  06%  Wuminum  - 12%  Wkcon 


Approximately  54  panels  were  tested  with  the  varicjs  finishes  shown  In 
Table  39.  Erosion-resistance  data  generated  by  HCAIR  end  also  shown  In  Table 
29  indicates  that  none  of  the  finishes  performed  better  than  the  IVD  aluminum- 
baseline  finish.  Additionally,  most  of  the  Table  39  protection  finishes 
resulted  in  thicknesses  that  nay  be  too  thick  for  applications  where  a  thinner 
(0.005-0.007  inch)  finish  is  desired. 

The  application  of  the  Zylan  1010  topcoat  did  Improve  the  erosion 
resistance  of  the  IVD  alujninum  basecoat.  Although  the  topcoat  naterial  Itself 
was  removed  readily  by  the  glass  beads.  Table  ?9  shows  that  the  erosion  rate 
of  the  sealed-aluminum  basecoat  was  Inproved  In  relation  to  the  Table  37 
baseline  ra  e  at  both  40  and  60  psi. 
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TABLE  39.  EROSION  RESISTANCE  OF  TOPCOATED  IVD  ALUMINUM 
AND  METALUOCERAMIC  TYPE  COATING. 


Erosion  Rats  (mlls/sooend)  Bassd  On  | 

Pretwetlv* 

Finish 

Total  Coating  Thieknaes 

IVD  Aluminum  Thioknass  | 

40  pat 

60  pal 

40  pal 

00  pal 

Topcoatsd  IVD  Aluminum 

WhMord  Corporation 

Xylan  1010 

Xylan  1331 

Xylan  1840 

0.0066 

0.0150 

0.0067 

0.0130 

0.0355 

0.0239 

0.0028 

0.0052 

0.0035 

8  o  o 
odd 

MatallloCeramlc  Coatings 

Whitford  Corporation 

Xylan 

1.4606 

1.9000 

Sermatoch  International,  |rrc. 
Sermetel  CR  SC2 

Sormstal  CR  fi84LT 
Sormatoch  XP  901213 

0.0459 

0.4955 

0.0460 

0.1600 

0.B571 

0.0574 

1  Coatings  lor  Industry 

1  AlsealSIS 

0.7415 

0.7500 

D.  SUPPORTING  EROSION  RESISTANCE  DATA 

Pratt  &  Whitney  (P&W)  compared  the  erosion  resistance  of  IVD  aluminum  and 
diffused  nickel-cadmium  finished  compressor  vanes  by  Deasuring  the  thickness 
of  the  two  finishes  after  exposing  the  vanes  to  a  liquid  abrasive  (Reference 
21). 


Erosion  testing  was  performed  at  room  temperature  using  a  silicon  oxide 
abrasive  at  an  Impingement  angle  of  90  degrees  for  1  minute  Intervals.  The 
pressure  was  held  at  80  psi  at  a  target  distance  of  six  Inches. 

The  IVD  aluminum  coating  e>'Oded  faster  than  the  diffused  nickel-cadmium 
plating.  Table  40  tabulates  the  results  of  the  test. 
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TABLE  40.  IVO  ALUMINUM  AND  DIFFUSED 
NICKEL-CADMIUM  FINISH 
THICKNESS  AFTER  ABRASIVE 
EXPOSURE. 


Location 

Thteknaas  (mlla)  | 

Omln 

1  min 

2  min 

1  IVD 

A 

1.0 

0.0 

0.2 

1 

B 

1.7 

1.6 

1.5 

C 

i.a 

1.6 

1.4 

D 

0.4 

0.3 

0 

£ 

0.7 

0.7 

0.4 

F 

0.4 

0.4 

0.1 

Q 

1.3 

1J2 

0.6 

H 

2.0 

1.0 

1.7 

J 

2.2 

1.6 

1.6 

NICd 

A 

0.3 

Oil 

0.2 

B 

0.8 

0.5 

0.5 

c 

0.7 

0.8 

0.6 

0 

0.1 

0.1 

0 

E 

0.2 

0.1 

0.1 

F 

G.2 

0.1 

«0.1 

Q 

0.5 

0.3 

0.5 

H 

0.7 

0.7 

0.6  1 

4 

0.6 

0.7 

0.6  1 

In  other  tests  conducted  P&W  (Reference  22),  IVD  alunlrtuin  with  i 

standard  chromate  conversion  coating  was  shown  to  erode  fester  than  the 
combination  coating  of  diffused  nickel-cadmium.  However,  because  the  IVD 
aluminum  coating  was  applied  thicker  (1.5  mils  vs  0.7  nils),  there  was 
adequate  IVD  aluminum  remaining  at  the  conclusion  of  the  test.  More 
Importantly,  IVO  aluminum  provided  better  protection  to  the  substrate  as  the 
erosion  process  occurred.  With  diffused  nickel-cadmium,  the  cadnium  erodes 
very  rapidly,  leaving  only  the  nickel  coating  which  offers  no  anodic 
protection  to  the  substrate.  In  fact,  the  Reference  22  testing  by  P&W  showed 
IVO  aluminum  to  be  tfi  best  coating  tested  on  410-alloy  steel.  Specifically, 
IVD  aluminum  outperformed  both  diffused  nlckel-cadmlun  and  Emplate  nlckel- 
422/cadmlum  In  an  erosion/corrosion  environment.  This  was  true  for  IVD 
aluminum  samples  supplied  both  with  and  without  a  standard  chromate  conversion 
coating,  and  a  sample  supplied  with  a  Chromalloy  proprietary  conversion 
coating. 
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E.  DISCUSSION 


The  data  generated  b>  MCAIR  once  again  verified  that  IVD  alunlnutn  1s  not 
as  erosion  resistant  as  diffused  n1cke1>cadn1un. 

However.  IVD  alumlnuia  can  be  functionally  applied  several  tines  thicker 
than  diffused  nlckel-cadtnluiti.  Alunlnum  coating  can  actually  be  applied  to 
thicknesses  of  0.0020-0.0030  without  a  build-up  of  stresses  on  the  part  edge. 
Diffused  nlckel-cadnlum  Is  usually  United  to  O.OOOS-0.0007  Inch. 
Additionally,  supporting  data  Indicates  that  IVD  aluminum  Is  superior  to 
diffused  nickel -cadmium  in  the  critical  areas  of  corrosion  and 
erosion-corrosion  resistance. 

It  should  also  be  noted  that  the  difference  In  erosion  resistance  between 
the  two  finishes  was  not  expressed  as  a  major  ALC  concern  as  were  coverage  of 
internal  surfaces  and  torque-tension  characteristics.  In  fact,  the  SA-ALC  has 
concurrence  from  Allison  to  substitute  aluminum  for  cadmium  on  non-threaded 
T-S6  engine  details  (Reference  9). 

Although  the  various  topcoats/sealcoats  evaluated  by  HCAIR  did  not 
Improve  erosion  resistance,  an  IVD  aluminum  alloy  evaporant  containing  12 
percent  silicon  did  Improve  the  baseline  when  subjected  to  a  peen  pressure  of 
40  psi. 

There  were  some  abnormalities  In  the  data  generated  by  HCAIR  particularly 
In  relation  to  existing  data  for  the  metallic  ceramic  paint-type  coatings.  It 
Is  recognized  that  these  coatings  are  currently  In  use  by  the  ALCS  for  engine 
applications,  and  that  their  use  has  OEH  concurrence.  It  Is  also  recognized 
that  different  abrasive  medium,  pressures.  Impingement  angles,  etc.  all  have 
different  effects  on  erosion  resistance  of  the  various  protection  systems. 
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F.  CONCLUSION 


The  erosion  resistance  difference  between  IVD  aluaiinum  and  diffused 
nlckel-cadmiun  finishes  Is  ■Ininized  by  the  capability  of  applying  a  thicker 
finish  with  the  ivo  process. 

Where  finish  thickness  tolerance  Is  critical,  the  use  of  an  aluminum 
evaporant  containing  12  percent  silicon  improves  performance  over  the  1100 
aluminum  alloy  evaporant. 
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SECTION  VI 


CONCLUSION 

Phase  I  of  this  progrsn  reviewed  Oetall  parts  processed  with  cadmium  at 
the  ALCs.  It  concluded  that  approximately  80  percent  of  the  parts  could  be 
processed  with  IVD  aluminum  without  concern  and  Identified  those  parts  for 
which  there  was  some  concern. 

Phase  II  addressed  those  areas  of  concern.  Both  barrier-  and 
sacraficlal-type  protection  systems  that  can  be  used  to  supplement  the  use  of 
IVD  aluminum  for  applications  Involving  Internal  surfaces  are  Identified  In 
this  report.  Torque-tension  data  generated  for  such  ALC  concerns  as  wheel 
tie-bolts  and  engine  bolts  can  also  be  found  In  this  report.  The  data 
Indicates  that  these  bolts  can  be  refurbished  with  IVD  aluminum  by  the  ALCs 
with  little  to  no  concern.  For  applications  that  now  require  diffused 
nickel-cadmium  for  erosion  resistance.  It  Is  suggested  that  a  thick  IVO 
aluminum  coating  (0. 0015-0. 002&  Inch)  be  used  to  compensate  for  d1fferen:es  1n 
erosion  rates. 

The  contents  of  the  Phase  I  database  handbook  (Reference  1)  and  of  this 
report  Indicate  that  IVD  aluiritnuiu  can  replace  cadmium  processing  at  the  ALCs. 
Although  this  substitution  may  involve  additional  processing  steps  and/or 
minor  functional  degradation  for  a  snail  percent  of  the  ALC  applications, 
NCAIR  believes  that  the  overall  benefit  far  exceeds  the  few  limitations. 
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!VD  alusninutn  coating  tias  successfully  undergone  extensive  laboratory  and 
In-service  testing  as  a  substitute  for  cadRilum  nany  of  those  tests  results 
are  documented  In  Reference  l.  IVO  aluminum  Is  an  excellent  corrosion 
resistant  finish  which  offers  performance  advantages  over  cadmium  for  eiost 
Applications.  Because  the  IVO  aluminum  operation  Is  clean,  simple,  and 
bun-labor  intensive,  and  because  facility  and  space  requirements  are  minimal 
and  require  no  special  pollution-related  systems.  1t  is  a  cost-competitive 
process.  Cadmium  costs  are  Increasing  because  of  environmental  and  health 
related  laws  and  regulations.  At  the  same  time,  IVO  aluminum  costs  are 
decreasing  because  of  productivity  advances  associated  with  Its  Increased 
usage.  Host  importantly,  aluminum  Is  nontoxic,  and  the  IVD  process  Is 
environmentally  clean. 

hCAiR  looks  forward  to  the  Phase  III  demonstration  of  the  IVD  aluminum 
process  at  the  WR-ALC.  It  will  be  conducted  with  a  state-of-the-art  coating 
system  procured  during  Phase  11.  It  Is  projected  that  the  Phase  III 
demonstration  will  strongly  support  the  elimination  of  hazardous  waste 
producing  cadmium  processing  at  WR. 
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SECTION  VII 


PHASE  III  DEHONSTRATION 

NCAIR  Will  tfefflonstrate  the  Applicability  of  IVD  aluminum  at  WR  during 
Phase  III  of  the  program  as  an  across-the-board  replaceotent  for  all  detail 
parts  that  are  now  processed  by  WR  with  cadmium. 

MCAIR  has  proposed  that  a  "hands-on"  strategy  be  employed  at  the  WR-ALC 
to  Implement  the  usage  of  IVO  aluminum.  "Hands-on"  coordination  with 
responsible  departments  was  used  r.uccessfully  to  Implement  the  usage  of  the 
then  new  process  at  HCAIR.  During  Phase  III: 

0  Supplemental  processing  needs  such  as  part  preclean  processing 
equipment,  special  coater  hoolcs  and  fixtures  to  Increase  throughput,  post-coat 
processing  equipment,  and  supplemental  processing  equipment  will  be  reviewed 
and  coordinated  with  Industrial  Engineering  at  WR. 

0  Activities  such  as  reviewing  drawings/parts,  defining  coating 
thickness  classes.  Identifying  supplemental  processing  needs,  and  reviewing 
process  specifications  will  be  coordinated  with  WR  Material  Management. 

0  Quality  Assurance  guidelines  will  be  coordinated  with  HR  by 
reviewing  and  defining  acceptance  performance  requirements,  test  procedures 
and  equipment  needs. 

0  WR  Manufacturing  will  be  assisted  In  demonstrating  the  feasibility 
of  applying  IVD  aluminum  to  any  and/or  all  WR  detail  parts  that  are  now 
processed  with  cadmium  over  a  four  month  period  of  time.  This  time  period 
should  provide  adequate  part  selection,  naxlmum  training,  and  verification  of 
coating  conformance  to  HIL-C-83488.  This  effort  will  Include  establishment  of 
coating  procedure  cards  for  Individual  detail  parts  to  promote  repeatability. 
Productivity  gains  attributable  to  the  use  of  a  state-of-the-art  coater  and 
special  holding  fixtures,  like  that  designed  for  the  C130  Propeller  Hub,  will 
also  be  established. 
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0  Environmental  compliance  progress  will  be  verified  with  WR 
Environmental  Engineering. 

MCAIR  believes  that  the  effort  at  WR  will  justify  ellailnatlon  of  cachiluro 
processing  at  that  facility. 

While  It  Is  planned  to  bring  all  of  the  ALCs  together  during  the  WR 
program,  there  are  distinct  divergencies  of  ALC  responsibility  as  well  as 
different  “areas  of  concern"  In  substituting  for  cadmium.  To  address  these 
areas,  MCAIR  also  recommends  that  the  other  four  ALCs  be  given  some  Individual 
attention  to  help  meet  the  ultimate  goal  of  the  elimination  of  cactolum 
processing  at  all  of  the  ALCs. 

MCAIR  has  proposed  that  applicable  supplemental  processing  be  reviewed 
with  the  other  four  ALCs.  .-This  effort  would  Include  recommendations  for 
specific  applications  and  a  review  of  environmental  compliance  considerations. 
A  program  would  also  be  coordinated  with  each  of  the  other  four  ALCs  In  wh-rh 
procedures  developed  during  Phase  II  of  the  program  and/or  those  demonstrated 
at  WR  win  be  demonstrated  on  a  minimum  of  five  mutually  acceptable  detail 
parts  for  each  of  the  ALCs.  An  acceptable  demonstration  site  will  be 
coordinated  with  each  of  the  ALCs.  This  task  will  also  include  as  much 
“hands-on"  coordination  as  the  budget  allows. 
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APPENDIX  A 


TORQUE-TENSION  DATA  FOR  GENERIC  BOLT-NUT 
UITH  DIFFERENT  BOLT  FINISH  -  NUT  FINISH  - 
LUBRICANT  COMBINATIONS 


TABLE  A-1 .  TORQUE-TENSION  TEST  DATA  FOR  CADMIUU-PLATEO  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  WITH  FEL-PRO  INC.  OB01-S. 


Tnt 

No.*-*'* 

Cyela 

No. 

Nnuilng 

Torqua 

(bi.-lii,  cw 

Oiracilon) 

Tamya  0«  Nut  (ia.-B)* 

Iraakinray 

Tarqu* 

(ta.-Sk) 

Rwwing 

Tbrgua 

(M.-tt. 

COW 

Eilratlion) 

■•RLm4(B) 

2,500 

5.800 

7,500 

16,100 

12,500 

15,800 

17A80 

21,100 

1 

33 

96 

180 

250 

335 

445 

wm 

wm 

660 

33 

200 

mm 

m 

660 

300 

660 

265 

PH 

Hi 

ESI 

6 

33 

96 

144 

100 

275 

360 

600 

360 

35 

MM 

275 

III 

600 

2 

600 

U 

265 

MO 

265 

HI 

600 

10 

35 

106 

168 

230 

300 

305 

540 

660 

385 

38 

11 

275 

600 

12 

K!!<a 

660 

13 

265 

600 

14 

200 

660 

15 

34 

108 

.166 

230 

310 

410 

530 

540 

660 

410 

37 

a  Nut  auppUad  with  max  kjbrtcani  {Cubomax  Polyathytana  Olyool  3350)  appVad. 

b  Pat-Pro  InoorporKtad  C-bOt-S  lubrlcanl  kt  a  pacta  oontalning  50K  aynthaltc  graphlta  and  50%  patiotatum  formutalad  to  meat 
'  MIL-T-5544.  Tha  C-OOI-S  lubrtcatit  waa  appUad  to  tha  tioaack  of  lha  botl  and  nut. 

c  t4ASl  306-10  botl:  Ai/araga  pialinfl  thtototaaa  >0.4M7  In..  Bvaraga  plating  t>iokna«a- 0.09030  In. 

47PLW-320  nut:  Avamga  ptaUng  thiciuiaac  -0.00041  In. 

4  Toiqua  Inaamenfae  of  00  ln.-<i  at  maxlnnum  boil  load  la  laigar  than  normal  Incramanis  ol  25  ln.-B> 


TABLE  A-2.  TORQUE-TENSIOM  TEST  DATA  FOR  CADMIUM-PUTEO  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  WITW  FEL-PRO  INC.  C-601-S. 


Cyela 

No. 

Running 
Ton  if 
(ln.-4b,  CW 
Oinction] 

Torqua  On  Nut  (la.-Ri)* 

gfan  tawny 
Tnnjua 
(IP.-tt) 

Running 

Tnrqun 

(IN.-Ib. 

ccw 

Dinction] 

loBLooKlb) 

2,500 

5,000 

7,600 

18,000 

12,500 

15,000 

17,500 

20,100 

1 

53 

120 

180 

265 

335 

410 

480 

540 

tni 

395 

43 

310 

300 

660 

290 

8 

42 

106 

156 

230 

370 

480 

540 

395 

45 

•a 

290 

290 

660 

mm 

290 

HtViH 

n 

290 

H  vifl 

10 

46 

108 

168 

300 

385 

480 

640 

410 

43 

11 

290 

12 

290 

13 

390 

660 

14 

300 

160 

IS 

43 

108 

168 

230 

300 

385 

470 

540 

660 

305 

44 

a  Nut  auppliad  wKh  wax  kibdcartt  (Carbowax  Poiyetiytana  GVooi  3350}  appbad. 

b  Fat-Pro  Incorporatad  C-AOt-G  lubhoanl  la  a  paaia  containing  50%  ayntfvatic  (papiiMa  and  50%  patrotatum  fomtulalad  to  maat 
MI.-T-5544.Tlia  C-601-S  lubdeart  waa  apphad  tolha  ttroadaof  lha  bob  and  nut. 

c  NASI 305-10  boh.  Avwragc  i4tarA  dtomatar  -C.40H  in.,  average  pUling  Moiaiaaa  -  0.00043  In. 

4m.W.620  nut  Avaraga  pUlIng  thtohnaaa  -  0.00030  to. 
d  Torqua  Incramanta  a4  60  ln.-4b  al  maKlrnuni  bod  load  la  larger  Vwn  normal  Inoramenla  of  25  In.-to. 
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TABLE  A-3.  TORQUE-TENSION  TEST  DATA  FOR  CAOMIUM-PLATED  BOLT  AND 
CADMIUM-PLAI-ED  NUT  LUBRICATED  WITH  FEL-PRO  INC.  C-B01-S. 


i - 

Cyclb 

Ni. 

RMwIni 

Tirqut 

(la.4b.CW 

Dlfbclion) 

Y«nM0iNiJll(li.-Ay 

“1 

Imbnnnr 

Tcniui 

(II.-4IS) 

Rmnliis 

Tanjua 

6CW 

Dinellon) 

a 

•bULbMKB) 

2,UD 

6,000 

7A00 

11,190 

12.500 

15, 100 

17A00 

21,000 

3 

1 

33 

104 

156 

240 

325 

370 

460 

720 

430 

31 

200 

660 

240 

600 

240 

iPi 

600 

20 

96 

144 

205 

240 

430 

600 

32 

fi 

250 

m 

HI 

600 

H 

240 

600 

n 

240 

600 

H 

240 

Hi 

Hi 

600 

10 

3fi 

06 

166 

204 

265 

KE!9 

K!3 

600 

360 

36 

11 

250 

600 

12 

250 

600 

13 

600 

14 

250 

600 

IS 

42 

120 

ISO 

240 

1  300 

305 

470 

540 

660 

370 

37 

«  Nut  MjppliAd  urith  wax  lubricwit  (Ca/bowax  P^athyWna  Otyool  3290}  apyliad. 

b  Fa^Pro  btoorpotaM  C-401-S  lubrtcw)l  ia  a  paiata  containing  S0%  ayntbalc  graphlla  and  SC%  patroiatum  lormUalad  to  maat 
MIl-T-bSM.  Tha  C-801-S  lubricani  woa  appted  k)  lha  ftraada  o(  ttia  bob  and  mi(. 

C  NASt306'10  boR:  Avaraga  pUtng  Ihiotowaa  - 0.4965  in.,  as>araga  ptalinc  Wdnaaa  » 0 J0033  In, 

47FlW-a23  nut:  Avaraga  pUling  ihicAnaoa  -  O.OOOM  in. 

4  Ton|uainaranwnlao(OOIn.-l)atmaximumboRkMMIIata/0wViannMnwIlnon«nantao(2$ln.4>. 


TABLE  A-4.  TOROUE-TENSKJN  TEST  DATA  FOR  IVD  ALUMIUUM-COATED  BOLT  AND  IVD 
ALUMINUM-COATED  NUT  LUBRICATED  WITH  FEL-PRO  INC.  C-301-S. 


Tbsl 

Ns.*'*-* 

Cycit 

Ns. 

Ntatalni 

Timiut 

(ta.-lk.CW 

Dtradloii) 

TsntM  Oa  Nal  (It.-ib)* 

Slrt«jBvi«rav 

TchiiUJ 

(lii.-ill 

T»n|iit  J 
(N.-B. 

iOMiiiii)! 

•si  Lbs4  (B) 

2,600 

6,000 

7JM0 

18,100 

12.600 

^M09 

_ 

17.600 1 

2«,«l00 

4 

1 

128 

102 

300 

360 

430 

530 

E9 

Ik4} 

71)0 

07  1 

2 

420 

.$40 

1 

3 

340 

780 

1 

4 

360 

780 

s 

5 

43 

108 

204 

zs2 

360 

470 

800 

660 

780 

41 

6 

320 

7»0 

7 

720 

1 

6 

300 

720 

1 

0 

300 

WO 

fi 

10 

35 

06 

168 

216 

200 

420 

540 

wo 

4TO 

37 

11 

200 

wo 

1  1 

12 

310 

1 

720 

\  N 

IS 

s 

660 

i  1 

14 

280 

1  m 

15 

3S 

66 

156 

220 

ESI 

420 

600 

720 

L,  J'  J 

a  Nut  dW  not  hava  ww  kjbficai'.l  (CtaWw  PoV*»ivtana  Ctycol  SSSO)  appM. 

b  Fai-Pio  bxxrpofaUxd  C-W  t  -S  Wxfcanl  ii  a  pMia  oontalnlrtg  5iJ%  ayitthafc  graphite  tvvj  S0%  poiwtalum  kainutaM  to  nitaV 
MIL-T-«544.  Tba  C-801-S  kibrtcanl  waa  app*ad  to  Ha  fwaada  of  Kta  bob'  end  nut, 

e  NASI  JOe  tO  bell:  Avrar^  ahank  dijatimix'  -  0.4068  In.,  avaraga  ooaing  tWctoaaa  -  O.OOOM  In. 

47PLW.A20  ttol:  AuaragB  coadr^g  Wefcnaea  -  C).00C4T  h. 
d  To»qoa  tocratnante  of  00  ln.-*i  at  maximum  bob  load  la  taryar  than  ncnml  Inerannanta  of  25  In.-S). 


TABLE  A  S.  TORQUE-TENSION  TEST  DATA  FOR  IVD  ALUUIMUU-COATEO  BOLT  AND  IVD 

ALUMINUM-COATED  NUT  LUDRICATEO  WITH  FEL-PRO  INCORPORATED  C-601-S. 


TmI 

Cifclo 

Na. 

HiMhil 
Tir«iM 
(hi.-lk,  CW 
Dkvdioto) 

Tmum  Oa  IM  (ii.-ii)* 

UrMkmray 

Tirqut 

(ta.-B) 

NOMitol 

Ttmua 

(la.-*. 

WH 

MraNiai) 

BoNLMdik) 

2.500 

5,881 

7.580 

11,880 

12.518 

15,088 

17JM 

28.858 

5 

1 

127 

228 

276 

340 

410 

480 

640 

600 

720 

620 

124 

2 

360 

720 

3 

350 

720 

4 

340 

720 

5 

52 

120 

102 

252 

320 

430 

630 

•00 

720 

430 

1. 

6 

310 

720 

7 

310 

160 

> 

320 

GSO 

S 

310 

860 

10 

45 

06 

156 

204 

200 

370 

470 

540 

660 

400 

55 

11 

300 

660 

12 

280 

660 

13 

290 

£60 

14 

280 

660 

IS 

43 

06 

168 

240 

290 

400 

480 

540 

660 

410 

SO 

«  Nut  dd  no(  hM  max  kjbricani  (Cwtoww  Gtyool  3360}  kppted 

6  (^Proirworpo<aMC-«01-«kibr(cwflb«p«aUoonl*inktg50%»yn«h«fcgr^ri\N*anctao%p«Mtol*lumlefinLMMilBinMl 
MtL-T-6544.  Th«  C-601-S  Lbricwil  mm  i(>(M  to  lh«  toiMk  o(  »m  teN  and  nut 

G  NAS  1 306-1 0  boR:  Avarig*  thank  diarrwtor- 0.4066  in.,  to«ri9*oc«lii)g  (htotoMM- 0.00046  In. 

47FLW-020  nuc  Aw«K»g4OM«rtg0iicAnaM>  0.00046  to. 
d  T«i|U4  InortfTwnto  of  00  to.-li  ■(  mudmum  boK  toed  to  Ifttyir  fKMTTttt  InorwiMnli  of  2S  |[t.4b. 


TABLE  A-6.  TORQUE-TENSION  TEST  DATA  FOR  IVD  ALUMIMUM-COATED  BOLT  AND  IVD 
ALUMINUM-COATED  NUT  LUBRICATED  WTTH  FEL-PRO  INC.  C-601-8. 


Tad 

llo»L‘ 

Cyela 

Na. 

Raaibii 

Tarqua 

(lB.4li,CHr 

Diradlim] 

Tan|B6QBN«l(li.-»)< 

Sraakawwy 

Taniui 

(Ia.-BJ 

RsMlni) 

Tarqui 

(h.-Bi. 

ccw 

(Hfarfiea) 

•a«Laa8(B) 

2,500 

6,000 

7,600 

11,800 

12,500 

15,100 

17,660 

21,880 

6 

1 

111 

216 

300 

350 

460 

540 

500 

720 

840 

680 

86 

2 

400 

780 

3 

sso 

780 

4 

340 

720 

5 

38 

120 

192 

290 

320 

410 

490 

480 

660 

430 

47 

u 

300 

■ 

TOV 

660 

H 

300 

660 

H 

300 

Hi 

880 

10 

33 

108 

180 

252 

300 

400 

470 

660 

410 

39 

11 

msM 

720 

12 

290 

660 

1 

13 

660 

1 

14 

K*M 

660 

i 

15 

36 

108 

168 

260 

3W 

410 

480 

540 

660 

400 

36 

«  Hu<  rirJ  t>o(  wax  futxtoanl  (Cartowax  Pofywtoylarw  Gfyool  3360)  appfM. 

b  Nil  Pro  Inoorpixatod  C4K)1-8  lubricuil  to  a  |MLBla  oontototoQ  50%  tyrwhabc  graphlto  ind  50%  ptArototom  bnniAiiad  to  maal 
IWIL.-T-dS.t4.  '(haO4>01-Stobr1canlwaaiG>piadtolha  IhraadiofViabobandmiL 

G  NASl30t)'lO  bofL  Averao#  thank  dtonatof  -  0.4000  In.,  atterag*  ooaing  UtoAnaaa  -  O.OOOS6  to. 

.47FLW-620nm:  AvanKjaooalngWcfcnaia  - 0.00063  to.  - 

d  Yon;^  Ino'iWTwnto  ol  00  to.-lb  al  maximum  bok  toad  to  laiytr  than  nonnal  Inortmanto  a(2S  In  -It 


TABLE  A-7.  TORQUE-TENSION  TEST  DATA  FOR  CADMIUM-PLATED  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  WITH  FEL-PRO  MC.  (XOI-S. 


Tnt 

Wi.'LM 

Cyela 

Na. 

Rnwlas 

Tarbin 

(la.-lb.CW 

Olradtlan} 

TaiiMOdlM(hi.-B) 

Braalmray 

Torqui 

(bi-B) 

RwhiUib 

Twrqua 

(N.-tt, 

ccw 

DIrtdion) 

••ILm8(B) 

2,500 

E.IOt 

/^oa 

18,800 

12,600 

15,800 

17,500 

28, no 

7 

1 

38 

8d 

145 

225 

305 

385 

460 

mm 

650 

360 

34 

275 

650 

260 

700 

250 

675 

34 

01 

141 

200 

270 

345 

450 

565 

676 

300 

33 

675 

250 

700 

u 

260 

700 

n 

265 

700 

10 

34 

01 

143 

200 

260 

350 

450 

575 

700 

380 

31 

11 

270 

700 

12 

265 

700 

13 

265 

700 

14 

260 

TOO 

15 

31 

54 

136 

200 

265 

355 

455 

575 

TOO 

400 

37 

■  Nut  wppUad  wtth  MX  lubricMit  {Oubotiax  Po^athyWrM  Glyoot  3350}  appiM. 

b  F«^Prolr¥Mrporat«dC>aoi-QLb(k»ntltipuUoontakWibSO%iiynth*lic{ra(i^iltoindSO^p«<retohjrntciirnulBMk>mMt 
MIL-T-5544.  TTmi  C^1  -S  tubdcanl  wac  appNad  k>  Ihs  tinaadu  at  u-ia  bolt  and  nut. 

e  NASISoe-tO  bolt;  Av«raooahankdiamat»r-0.4Qeein.,av*rag»ooal)ngttilciMMa-0.00030bt. 

47FLW-B20  nut:  Avtragi  ooakog  ttticknaaa  -  1.00049  h. 
d  Tbara  waa  ona  atop  at  10,000  fc  Inataad  ol  a4k.h  load  Incramant,  aa  nomtaly  dona,  for  tydM  1,  B,  1b  md  IB. 


TABLE  A-8.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INC.  C-S01-S. 


Tift 

No.i.i.M 

Cycli 

No. 

Runtiins 
Terqui 
(in.-lb.  CW 
OlradlcB] 

Terqua  On  Nut  (In.-lb)* 

Braikataiy 

Tarqua 

(In.-lb) 

RtitinlnB 

Tarqua 

(In.-lb, 

CCW 

DIrtdion) 

IdH  Laad  (lb) 

2.500 

5,000 

7,500 

10,009 

12,500 

15,800 

17.600 

20,000 

8 

1 

36 

01 

136 

100 

270 

330 

415 

495 

580 

320 

27 

2 

240 

675 

3 

260 

675 

4 

200 

700 

5 

33 

81 

132 

190 

26S 

355 

450 

590 

675 

320 

31 

6 

275 

650 

7 

320 

675 

8 

325 

675 

0 

285 

675 

10 

36 

84 

136 

250 

305 

395 

460 

665 

650 

280 

35 

11 

305 

650 

12 

305 

650 

13 

315 

650 

14 

310 

650 

15 

34 

JLu 

141 

205 

276 

360 

450 

535 

650 

340 

35 

a  Nut  auppliod  wttb  wax  tubrfoaitt  (Carbowax  Potyathylana  Glyool  3350}  appBad 

b  Fat-Pio  btcorpontad  C-601-S  lubrtcant  la  a  |>aMa  oontalning  50%  cyntbatfo  gra;ihJW  and  50%  pabotatum  tomviaiad  to  maat 
MIL-T-5544.  Tba  C-60t'''i  tubricant  wat  appliad  to  th«  ^reacla  of  tfia  bod  and  nut. 

c  NASt  300-10  bolt.  Avaraga  aAankdiarnalar  - 0  4066  In.,  avaragu  ooaUnjj  thfofoioaa -0.00034  In. 

47FLV/-e20  nut:  Avaraga  coaing  tvioknaaa  -  0.000  In. 
d  Taat  wks  a  rvpMi  o(  laiat  1  with  opilmIzrKi  procadura  and  aqutpmanl. 


il/ 


TABLE  A-0.  TOROUE-TENSION  -TEST  DATA  FOR  CADMIUM-PLATCD  BOLT  AND 
CAOUIUU-PLATED  NUT  LUBRICATED  Wm  FEL-PRO  INC.  C-e01-S. 


- 


TtnfM  0i  Nut  (ii.-B} 


Tut 

Nek.k,iA 

Cyeii 

No. 

nBBamii 

Torque 
(bi.-lk,  CW 
Dlrartion) 

BolLoi4(k) 

Bnatoway 

Toiqua 

Tttqua 

(lo.-lfc. 

COW 

OIroction) 

2, MO 

B.no 

7AOO 

11.000 

12,600 

18,000 

17,800 

».M0 

0 

SI 

106 

175 

245 

■SI 

400 

475 

550 

650 

355 

47 

285 

625 

245 

625 

240 

625 

6 

41 

80 

145 

205 

276 

340 

42S 

820 

625 

46 

2M 

650 

250 

650 

» 

250 

650 

0 

255 

625 

10 

SI 

102 

ISO 

200 

255 

330 

430 

150 

S3S 

51 

11 

270 

HI 

625 

12 

255 

625 

13 

265 

600 

14 

250 

Hi 

600 

15 

46 

75 

ISO 

215 

276 

350 

435 

625 

325 

58 

RoMlng 


■  Nut  iupplwd  with  wwx  lubrtcani  (C4(bow«i(  Potyatliylan*  U/ool  3350)  ep(i**d. 

b  P«l-Pm  Inoorpormiwd  C-aoi-6  hjbricani  It  •  ptcM  oonttlnlng  50% lynlhailic  grtphll*  and  50%  pwtrelahjfTi  iormulttad  to  mMl 
MIL-T.S544.  Yht  C-MI-S  lubricant  wat  appiiad  to' the  ttmadtof  th«  boil  and  nut 

c  NAQ 1306- to  boil  Avataqa  thank  diamtttf  -  0,4C67  In.,  ivamoa  coaling  Ihichnata  -  0.00033  In. 

47FLW-a20  nut:  Avaragt  coaling  Ihichnata  -  0.0037  In. 
d  Tati  was  a  rapaat  al  laal  2  with  o(>limtzad  prooadunt  and  aqulfunanl. 


TABLE  A-10.  TORQUE-1ENSK3N  TEST  DATA  FOR  CADMiUil-PLATEO  BOLT  AND 
CADMIUM-PUTEO  NUT  LUBRICATED  WITH  FEL-PRO  INC.  C-S01-S. 


I 

I 

R 


Tan 

4o>»-«4 

Cycla 

No. 

RMHbif 
Torqua 
(bi.-lk,  CW 
DiratUoa) 

TorqMOoNHl(lo.-tt) 

Rwulito 

Twrqua 

(hl.-B, 

COW 

Olredion) 

8oB  LoaO  (») 

■mlowHy 

Terqiii 

2,680 

6,100 

7,600 

11,100 

12,561! 

15,008 

17,600 

28, MO 

10 

1 

54 

113 

175 

250 

320 

405 

400 

700 

405 

4.5 

305 

■H 

700 

300 

700 

285 

HI 

700 

64 

115 

170 

24C 

310 

485 

700 

420 

88 

285 

7 

285 

KI9 

S 

2»>i 

£7K 

V  >  V 

9 

280 

675 

10 

88 

107 

155 

210 

205 

370 

475 

OTO 

675 

390 

50 

11 

275 

675 

12 

275 

6S0 

13 

275 

650 

14 

280 

650 

IS 

55 

112 

165 

225 

300 

380 

400 

600 

676 

360 

61 

a  Nui  Mjpplad  wWt  wax  lubricani  (CariMwax  Pol/tribytana  at)raol  3360)  Bp(>aad. 

b  FatPfolr>oorporttad&-OOt-m>jbricanlltapa^oofilatTing50%aynwmfc:grn3hllaand!IO%p<Arolatumtemt>.«ltadto  maat 
MIL  T^5544.  Tha  C-OO I -$  lubricani  WM  appM  to  lha  fwvadt  at  lhebo«  and  nut 

e  NAS130e-10  bott  Awragaitianfcctamatof- 0.4800  In.,  a>^>agi  {xlaUng  tiicfcnaat -0.00035  In. 

47RW-«>0  nut:  Awaraga  pitting  IhlcAnata  -0.00042  In. 
d  Taat  wat  a  rapaat  o(  laat  3  wbh  optmtead  prooadurt  and  tquiprnant 


ize 


TABLE  A*1i.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WTTH  FEL-PRO  INCORPORATED  OBOI-S. 


Twt 

CytIa 

Na. 

Rnwilno 
Tiirquc 
(tii.-lfc.  CW 
Diradtaa} 

TiirvN0iiNiil(lii.4b) 

Bmkaway 

Tamua 

(ta.-Bj 

RMnittg 

Ttniua 

{in.-B, 

ccw 

Dlractlen) 

•aMLMJ(li) 

2^0 

8,100 

7^0 

11,8011 

12,580 

IB, 880 

17,600 

21,800 

11 

1 

83 

180 

250 

335 

435 

ra 

650 

776 

800 

625 

88 

405 

ISO 

385 

ISO 

340 

825 

5 

37 

123 

205 

200 

370 

47S 

600 

725 

175 

600 

42 

i 

340 

875 

mm 

325 

850 

H 

300 

825 

8 

305 

825 

10 

31 

111 

leo 

225 

315 

405 

515 

650 

800 

475 

33 

11 

305 

800 

12 

300 

776 

13 

290 

750 

14 

a 

275 

TOO 

_ 

15 

S3 

83 

139 

205 

275 

385 

490 

650 

750 

440 

27 

tt  Nut  dd  t>o(  hiv«  wix  lubricant  (Carbounut  PoVttiytana  Glyool  2I3SO}  appbatl. 

b  hit-ProbMo^aiadC-SOt-S  lubricant  li  a  paata  containing  Sin^aynlhalk:  graphite  and  SOKpalralalLirnkMiruWMl  to  maal 
M!L-T-SSi4.  Tba  C-ttOI-S  lubricant  toas  appliad  lo  ftt  Svoadi  cl fia  bolt  and  nut 

C  NASlloe-IObotl:  Avara^a  ahank  ctarnotar-O.aOM  kt  .avofagaoaakng  Mdmaaa-O.tMOtf  h. 

47FLW-«20  nut:  A«arao«  «»lng  tNdmoaa  >  0.00047  ki. 

(I  Tail  ww  a  rapaat  of  tact  4  wDh  opbmlzad  prooadm  and  atbilpnianL 

TABLE  A-12.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-fi01-8. 


Taat 

Ke.M.14 

Cycli 

Na. 

RtHulai 

Tarqua 

(In.-lb.CW 

Diradlon) 

Tarnui  0«  Nut  (la.-B) 

BMicnray 

Taiiiut 

(U.-B) 

RMnInB 

Teniui 

(B.-B, 

COW 

Dlraction] 

SfMlbai  (B) 

2,500 

6.(00 

7,500 

11,800 

12,500 

15,100 

17,509 

2«,fOO 

12 

1 

ISO 

250 

335 

370 

510 

650 

725 

150 

850 

700 

141 

2 

390 

825 

3 

360 

750 

n 

330 

726 

«b 

117 

liO 

250 

330 

443 

Kb 

623 

723 

445 

4S 

mm 

285 

700 

u 

280 

700 

H 

285 

700 

0 

260 

700 

10 

36 

88 

185 

325 

415 

505 

625 

726 

450 

46 

11 

285 

725 

12 

275 

700 

13 

276 

■I'M 

14 

275 

675 

15 

38 

103 

185 

225 

385 

485 

505 

700 

410 

33 

a  Nut  dd  not  hava  wax  lubncani  (Carbowax  Poi/att)riana  Cly^  33S0)  Bppbad. 

b  Fat-Pro  InoorporaiaJ  C-OOt  ~S  lubricant  la  a  paala  containing  SO%  ayntfiatic  graititla  and  SOX  palrolatum  kwmulaaed  to  maal 
MIL-T-5S44  .  TIva  C-OOt-S  lubriuani  waa  appAod  to  Vm  taaadi  of  lha  bob  and  nut 

c  KAStOOd  10  bolt.  Avar aqa  ibank  dtonrator  -  0.4867  in.,  avaraga  ooallna  WticAnaaa  -  0.00047  In. 

47FLW-«20  nut;  Avaraga  coating  thlc*r>aaa--0.00<>«4  In. 
d  TaM  WM  a  rapaat  of  ta«>  5  wItt  oplmizad  prooadurt  and  aquipmant 


12S 


TABLE  A-13.  TORQUE-TENSION  DATA  FOR  lYD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WTTO  FEL-PRO  INCORPORATED  C-BOI-S. 


TmI 

M.***''** 

Cycla 

Na. 

llaBaliig 
Taniua 
(ta.-lb,  CW 
OiradloD) 

TbrgM  08lM(hi.-B) 

Braaknniy 

Tarqui 

(la.-B) 

Hanning 

Tangua 

(B.-fc. 

ccw 

Oiractlaii) 

X.6(l0 

i.SOi 

7,8811 

18, NO 

12.UB 

18,180 

17AU 

28, NO 

13 

1 

113 

185 

265 

325 

425 

610 

825 

700 

125 

650 

118 

370 

340 

370 

S 

S3 

121 

175 

2S0 

335 

425 

645 

m 

485 

62 

mm 

310 

?50 

340 

760 

345 

760 

H 

320 

iiB 

TDD 

10 

52 

107 

1S5 

250 

315 

4M 

700 

415 

45 

11 

320 

■ll 

Hi 

725 

12 

305 

700 

13 

300 

TOO 

14 

205 

Hi 

HI 

700 

15 

34 

»1 

.155 

220 

205 

EH 

480 

700 

410 

43 

•  Nut  dkd  *to(  Kav«  wax  lubricant  (Carbowax  Pcl)<attiy(ana  Qlycoi  3150)  ap|)llad. 

b  Fal-Pro  tMw^Mralad  C-aOl  ■«  kjtxtcanl  li  a  paala  oonlalning  SOli  aynihaUc  gniftblla  and  SCr%  patrclabim  fetmuiaMd  to  irMrt 
UlL-T-d&U.Tha  0-«C1-S  lubtlcanl  wai  appbad  to  t>a  thraadt  o(  tw  bolt  and  nuL 

c  NASI 305-10  bolt:  Airarao*  ahvikciiamtlar -0.4<M7  In.. avarag*  ooBlinc  thkimiaa -0.00041  bt. 

47FIW -1120  nut:  Avaragt  oaa»ng  thlcknata  >  0.00066  In. 
d  Taal  «aa  a  Mpoat  of  mi  0  wMi  opimbad  ftaoaAmt  and  aqMbintarti. 

TABLE  A-14.  KNKKIE-TEKSION  DATA  ("OR  IVD  ALUMMUW-COATEO  BOLT  AND  CADUlUIMHJkYED 
NUT  LUBRICATED  WON  FEL-PRO  INCORPORATED  C-OOI-S. 


Tati 

Cytit 

Nt. 

RiruiNg 

Tbigaa 

(B.-lb,  CW 
OIraellba) 

T»f8MOaN44(in.-Oi) 

Imkaway 

Targut 

(la.-B) 

Ranolng 

Tarqua 

(B.-tt, 

CCW 

DBkIIor) 

•an  land  (B) 

2,U0 

6,N8 

7,M8 

1I,NI 

12,MB 

16, lU 

17,641 

M,N0 

14 

1 

44 

101 

160 

215 

205 

355 

440 

675 

305 

58 

I'm'I 

675 

B-Mtl 

700 

hVM 

TOO 

81 

121 

105 

270 

335 

410 

510 

625 

725 

425 

315 

700 

700 

675 

B!*M 

676 

10 

36 

114 

185 

255 

330 

410 

486 

175 

380 

48 

It 

305 

Hi 

12 

300 

675 

13 

675 

14 

Hi 

675 

15 

41 

103 

176 

240 

310 

385 

400 

129 

700 

410 

46 

a  Nut  auppticd  with  wax  lubricani  (Ca/bowax  Polyatfiylana  Glyool  3360}  apptod. 

b  Fal  Pro  Inotxporated  0601  -8  lubrMnt  li  a  paala  oonlalning  SO^  aynthabc  gnbihllB  and  50%  palroialum  lowaHafttd  to  maal 
UI1.-T-6M4.  Tha  0-601-8  lubrtaara  a<aa  apptad  to  lha  thraada  of  tw  bob  and  nut 

c  NASl30e  lObolt  AirarN?a  tbanfcdiatTtataf  -0.4C67  In  , auatag*  (aa>r>g  Wctotaaa -0.00060 In. 

47PLW-620  nut:  Avwnga  ocatng  ttldmaaa  --  0.00042  bt. 

d  Taat  wai  an  avaluatton  df  dWarant  boll  and  nut  Mnltnaa  and  tia  lorquing  prooadunt.  TIvara  araa  ona  atop  tl  10,000  pourvto  twtiud 
al  aadi  load  incramant,  aa  normally  dona ,  tor  cyoM  1 ,  6, 1 0,  and  1 8. 

IJO 


TABLE  A>15.  TORQUE-TENSION  DATA  R:>R  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  0401 -S. 


Tad 

Na.NtAJ 

— 

Cytta 

Ni. 

PMMittI 

Ttr^ui 
(N.-lb,  CW 
ttirattlM) 

T«i«mO«NmI(Ib.-A>) 

Brtalaway 

Tanjyt 

(ta.-B) 

RaMlai 

Tar^a 

(ia.-il, 

6CW 

OiracliaR) 

•at  Lead  (B) 

2.500 

fi.ue 

7.M0 

ii.iofi 

12,60D 

is.an 

i7An 

21,108 

15 

»4 

06 

160 

S10 

305 

465 

675 

360 

33 

mm 

775 

■ 

320 

000 

■H 

325 

800 

5 

SI 

107 

170 

330 

425 

S20 

050 

775 

455 

S2 

■a 

265 

725 

mm 

700 

n 

280 

675 

H 

275 

675 

10 

30 

mm 

133 

205 

275 

355 

460 

560 

675 

360 

41 

11 

265 

650 

12 

650 

13 

265 

650 

14 

t 

255 

650 

15 

36 

130 

200 

265 

360 

455 

550 

650 

350 

31 

a  Nut  wppiMd  wttti  ww  lubricant  (CartMatax  Polyatfiylana  Olyool  3350)  a(i(><M. 

b  Fat-Pro  ktoorpondad  C-OOt  -S  kjbrtcanl  It  a  pasM  oonttkilng  50%  ayntnotic  grapttht  and  50%  pairoUlum  bnnnulaiad  to  maal 
UlL-T-S&M.Tht  C-501-S  kjbricaiit  waa  apfiliad  Id  tia  tttrtada  ol  Vm  bolt  and  nuL 

c  NASI  308-10  boil:  Avaras#  thank  dlamtltr- 0.4086  ki.,  avatagt  ooakng  Mcknaae-O.OIXMSIn. 

47fLW-«20  nut:  AvaragaooaIngMcIgnaaa- 0.00060  ki. 
d  Taal  was  an  avatuallon  o(  difttrani  bolt  and  nut  knlihts  wilt  opdntlztd  prooaduia  and  aqulpininl. 

TABLE  A-16.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tad 

Cyclt 

Na. 

Runalng 
Taniut 
(In.-lb,  CW 
Diradion) 

Tarqut  On  Nul  (In.-lb) 

Bnialonray 

Tanjua 

(la.-tt) 

FNitnlno 

Taniua 

(In.-lb. 

CCW 

Diradion) 

Sot!  Lead  (tb) 

2AOO 

6,000 

im 

10,800 

12,500 

16,000 

17,601) 

20,000 

16 

1 

64 

123 

195 

255 

315 

390 

460 

530 

625 

315 

67 

2 

325 

675 

3 

335 

725 

4 

335 

726 

D 

/a 

139 

2iu 

i/a 

34U 

4ZU 

bZQ 

Kb 

rib 

420 

69 

6 

330 

700 

7 

310 

675 

h 

300 

676 

0 

295 

650 

10 

40 

106 

160 

230 

305 

380 

470 

555 

675 

365 

47 

11 

290 

650 

12 

285 

650 

13 

285 

650 

14 

285 

650 

15 

46 

101 

165 

220 

290 

365 

460 

545 

650 

350 

41 

a  Nut  aupplied  with  wax  lubricant  (Carbowax  Pdyathytona  Qyool  3350)  appkad. 

b  Fol  Pio  fnoorpora'.xi  C-«0t  -S  lubricani  it  t  ooriiainlng  50%  tynthabc  oraphlbt  and  50%  pairaUNm  brnaitatad  to  maat 
MI1.-T-5544.  Tht  C-601-3  lubricani  art*  a{)0li«d  to  fto  tfvMdt  of  lh«  bolt  tod  nuL 

c  NASt306-10  bolt:  Avorao*  thank  diamator- 0.4068  In.,  tv»<*ga  coaling  lhlckr)aaa-0.QCO46ln. 

47ft.W-020  nut:  Avarugt  ooairvg  Ihlckrttaa  -  0.00044  kt. 
d  Tati  wat  an  avakiation  o(  diftoranl  bolt  and  nut  Inlahot  with  opdmizad  prrxoadUra  and  a>7ulp(TianL 


TABLE  A-17.  TORQUE-TENStON  DATA  FOR  tVD  ALUMINUiyi-COATED  BOLT  AND  CADMIUM^LATED 
NUT  LUBRICATED  WfTN  FEL-PRO  WCORPORATEO  OBOI'S. 


TbM 

Na.AMd 

Rnakit 

TMVMOalW  (!■.•»} 

IrMkmy 

Ttrgut 

(!*.-») 

Bl-W 

Cytta 

Nt. 

YinuM 
(hi.-ib,  CW 
Oirutiu) 

■•ILmN  (b) 

2^0 

6,180 

7,608 

II.IM 

12AS8 

1i,IN 

17AN 

2I.IM 

17 

1 

S3 

111 

165 

310 

mm 

465 

wm 

650 

350 

68 

775 

725 

350 

760 

63 

128 

106 

285 

ESI 

430 

630 

660 

ESI 

440 

78 

320 

760 

300 

700 

275 

700 

285 

700 

10 

46 

07 

150 

210 

275 

350 

450 

555 

700 

415 

62 

11 

265 

700 

12 

275 

700 

13 

270 

700 

14 

265 

675 

JLj 

4S 

08 

.  150 

205 

276 

470 

685 

700 

3SG 

48 

•  Nu<  MjpptMd  with  wax  lubricant  (Ca/bowax  Polyathytana  Gtyool  £>50)  apptod. 

t  FaM>n  Irtoorpoi'Btad  C-aoi-S  kibrican!  ta  a  paaia  containing  50%  aynthatlc  giatiMia  and 50%  pairolatuiTt  tannuMad  to  iTiaal 
MIL-T-5544.  Ttta  &401-S  kjbricanl  wat  appKad  to  tta  ttvawdt  of  tfw  boK  and  nut 

C  NAS130A-10  boK:  Avaraga  ahank  damatar  - 0.4867  In.,  awanaga  ooa*ng  Ihicimaaa  - 0.00043  In. 

47n.W-620  nut:  Avaraga  ooaSng  thioknaaa  -  0.00035  to. 
d  Taat  ataa  an  avakialion  of  dUtarant  boB  and  nut  tniabaa  wbh  aytImfawJ  paocaduM  and  aaMpmant 

TABLE  A-18.  TORQUE-TENSION  DATA  FOR  fVD  ALUMINUU-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tni 

Ni.aLiA 

CycU 

Ni. 

RuaRlng 

Tarqut 

(la.-lb.CW 

OIrtciian) 

Ttraiia  Oa  Nut 

Inakavvif 

Ttr^ui 

{ii.-b) 

Nmnlng 

Twgui 

(!«.-». 

ccw 

DIndion) 

laKLMdW 

2,600 

6.808 

7,500 

18,800 

12,548 

16,888 

17,500 

20,t08 

18 

1 

103 

180 

265 

335 

415 

510 

625 

700 

800 

400 

82 

350 

875 

355 

875 

410 

875 

46 

116 

180 

270 

345 

445 

650 

675 

825 

510 

61 

350 

825 

325 

800 

340 

800 

340 

776 

10 

48 

110 

170 

245 

340 

435 

485 

ESE 

775 

470 

47 

11 

345 

760 

12 

325 

725 

13 

320 

725 

14 

310 

725 

15 

34 

85 

155 

235 

320 

385 

485 

625 

725 

420 

41 

1  Nut  bad  WM  lubricam  (Carbowax  Polyothytona  Gtyool  3350)  appbad. 

b  F«t-Pro  Inoorpaatad  C-O01-S  lubricant  It  a  paata  containing  50%  aynVwtfc  grapNla  sfid  50%  patrolalum  lormufatad  to  ntaat 
MIL-T-5544.  Tba  C^t-S  lubricant  was  apptiod  to  toa  tvaada  c(  tha  bod  and  nut 

c  NAS  1305-10  bolt  Averag«ahankdlamator~0.4eesin.,avaraotCQatingiMctotae«-0.00045ln. 

47HLW-520  nut:  Avoiaga  ooafng  thldsnaaa  -  0.00045  to. 

d  Taat  waa  an  evaluation  of  an  IVD  aluminum-  and  oarbounu-ooalad  r.ut  and  l>a  toirgutog  prooadura.  Thsfo  waa  ona  ttof  at  10,000 
iwunds  Inataad  of  aacb  toad  Inonamant  aa  normaty  dona,  tor  cydaa  1,  5, 10,  and  IS. 


TABLE  A-18.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-WO  INCORPORATED  0801 -S. 


Tbtt 

lla.Ai.tA 

Cfcl# 

N«. 

RHHkH 

Tar^ui 

(ia.-lb,ew 

OIradiea) 

TbfVM  Oa  Nat  (81.-*) 

Z] 

Iraafcaway 

Tarqu# 

m.4b) 

Run  Ins 
Tar^iii 
(la.-k. 

ccw 

OinetiM) 

ialLMlIk) 

2,S80 

8, NO 

im 

18,IM 

12^1 

IS, IN 

17^ 

2I.H0 

18 

n 

73 

132 

205 

285 

370 

460 

545 

760 

450 

76 

Km 

355 

800 

mm 

385 

•00 

kI 

345 

776 

H 

30 

113 

185 

275 

355 

460 

560 

675 

•00 

485 

28 

■m 

315 

776 

MM 

310 

750 

H 

305 

775 

e 

305 

750 

to 

21 

86 

100 

240 

330 

410 

515 

625 

750 

445 

20 

11 

300 

725 

12 

265 

700 

13 

260 

TOO 

14 

255 

675 

15 

18 

62 

'134 

200 

285 

380 

485 

600 

400 

a  Nut  had  wu  lubricant  (Cartwwa*  Polyalhytana  Gfyool  1350)  t^iplad.  .  ^  ^ 

b  F»|.Pro  hoonxxaUd  C-«0t-S  lubricant  h  a  pa*l*oont»Wng  50%  •ynShabegraprilt*  and  50%  palftstabjmtetTnutelad  10  maal 

MII.-T-5544.  Tha  C-«01'S  lubricant  wa»  appliad  to  #14  INaada  o(  lha  bolt  and  iiut 

c  NAS  130*- 10  holt;  Awagt  ahankdlirialtr- 0.4967  In., a\i«ragaooait>gBiio*iiaaa- 0.0X47 In. 

47FLW-S20  nut:  Auarao*  ooilnfl  tftloknaas  -  0.00044  h. 

(I  Ta«  aa»  an  avaluatioti  ot  an  IVD  aluminum-  and  cartoaran-coalad  mil  aWi  opOmliad  piooadura  and  aOMontanL 

TABLE  A-20.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-RRO  INCORPORATED  C-601-S. 


Tad 

IIo.aLM 

Cyeli 

Ni. 

Raaulag 

Targua 

(ia.-1k,CW 

OIradItB) 

Tangut  Of  Kd  (bi.-k) 

Iraaknray 

Tartiua 

(li.-tb) 

Rinning 

Tattiua 

{la.-lb. 

RTW 

DIredion) 

RaU  Laa4  (») 

2.500 

s.wo 

74300 

11,600 

26,600 

84 

132 

180 

270 

340 

440 

650 

725 

440 

81 

325 

BOO 

335 

800 

315 

775 

S 

38 

100 

155 

230 

320 

420 

525 

650 

775 

475 

42 

mm 

315 

725 

mm 

725 

n 

300 

725 

265 

700 

10 

36 

86 

150 

285 

380 

475 

670 

700 

405 

36 

11 

305 

12 

310 

mm 

13 

270 

14 

270 

15 

34 

87 

145 

215 

295 

370 

460 

555 

L675 

375 

34 

a  Nut  had  i»»x  lubricant  (Carbowax  Pofyattiytana  Olyfiol  3350)  appSad. 

b  Fal-Pic  kK»rporatadC-00t-€  UbricanI  to  a  pasta  containing  50%  ay^Vialicgntphlta  and  50%  palnolatiiTi  bmtjlalad  to  maat 
MIL-T-5544.  Tha  C-60t -S  lubricant  was  appSod  to  tia  tiraada  o<  tha  bo*  and  nuL 

C  NA.S  1300- to  bolt:  Avcf ay  ahank  diamataf  -  0.4067  In.,  avaraga  ooaino  #>lclTiiaa  - 0.00043  In. 

47FLW-820  nut:  Aiwaga  eoainfl  #iic*r>aat  -  0.00051  h. 
d  Taat  was  an  avabaUon  of  an  tVO  aiumlnunv  and  carbowax-ooated  nul  a4lh  opdmlzad  pmoadura  and  aquIpmanL 
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TABLE  A-21.  TORQUE-TENSION  DATA  POR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-O01-S. 


Tm( 

Kai.k,M 

Cyela 

Hi. 

Rnabii 

Tbrqua 

(Ifl.-lb.CW 

Clrtiioa) 

TariM  Ob  IM  (la.-Cii 

— 

Smicnray 

Tor^ub 

(»«.■*) 

RMHitbg 

Tw^ui 

(Ib.-fc. 

ccw 

OIreetlaR) 

••ILMd(lk) 

2,500 

5,100 

7,509 

11.M0 

12,5110 

15,100 

17,500 

20, NO 

21 

1 

77 

133 

18C 

255 

335 

415 

600 

700 

425 

68 

315 

750 

315 

750 

mSM 

750 

6 

42 

104 

142 

210 

2ds 

3T 

420 

580 

700 

425 

21 

6 

200 

725 

mm 

2S5 

700 

300 

700 

El 

280 

700 

10 

45 

S3 

147 

205 

205 

365 

465 

570 

700 

415 

17 

11 

265 

675 

12 

260 

675 

13 

255 

675 

14 

285 

650 

15 

34 

JLj 

'149 

200 

265 

345 

435 

530 

650 

350 

13 

a  Nut  had  wax  lubhcant  (Catbowsx  Polyiith/l«r>«  Olyool  3350)  applad. 

b  FaM>rolno«pckalad(:>^l-Slub<ii^liaap«staci(xttalnk)gS0%tynlhMk:gra()hteand50%p«lrclalumtMTnu)atMjtoinMl 
MIL-T-5544.  Tha  C-&01-S  lubricant  wat  appliad  to  ft*  Ihraada  o(  ttM  bolt  and  nuL 

c  NASlSOe-ICbott:  Avoraga  ahankdiamator- 0.4965  in.,  avaraga  coating  lh<ciinaaa- 0.00045  In. 

47FLW-620  nut:  Avaraga  coaling  Ihicivtaaa- 0.00049  ki. 
d  TaaiwasanavakiatKmcrfainrVDaluminurn-andcarboiarax-ooaMnuiattthogdrnizadpnoadurawidtquipnwtt. 


TABLE  A-22.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUIIFCOATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-G01-S. 


Tbbt 

Ne.ALM 

Cyelb 

Ni 

RwMlng 

Ttrqu* 

(ta.-lk.CW 

Oinctiab) 

T$rm  Ob  fW  (li.-B) 

RraalBwiy 

Tir|u« 

(Ib.-lb) 

RbMlnB 

Tarfui 

(la.-b. 

CCW 

Dinifion) 

■al  LmO  (b) 

2,500 

7,500 

1I,MD 

12,580 

16,101 

17,608 

21, NO 

22 

1 

110 

175 

205 

270 

355 

440 

555 

675 

775 

405 

115 

2 

345 

3 

32f 

750 

4 

335 

750 

5 

45 

115 

175 

235 

325 

420 

515 

625 

726 

440 

45 

6 

275 

700 

mm 

275 

726 

n 

700 

H 

270 

700 

10 

40 

105 

165 

225 

300 

385 

475 

ESI 

700 

425 

40 

11 

270 

700 

12 

260 

700 

1 

13 

255 

725 

14 

245 

725 

L 

15 

35 

100 

JfL 

105 

270 

355 

480 

580 

750 

440 

35 

a  Nut  had  wax  lubricant  (Carbowax  Pdyvthytena  Gfyooi  3350}  apgiad. 

b  Fa^Prr  kxxrponried  0-001 -S  lubricant  la  a  paale  oonialnino  50%  aynihatic  graphba  and  50%  pakroUtum  bmulMad  to  maat 
MIL-T-5544.  Tha  O-OOt-S  lubricant  waa  appSad  to  tha  tYwabi  af  tw  bob  and  nuL 

c  NAS  1306- 10  bolt:  Auaraga  ahanfc  dtomatef- 0.4965  In.,  avaraga  ocalng  tilcigiaaa  -0.00032  In. 

47FI.W  520  nul:  Avaraga  eoa#ng  Vtidmaat  -  0.00044  to. 
d  Taai  w&a  to  avakuato  tw  prooaduro  tor  applying  toa  lubrioani  onto  t>a  bob  and  oarboaax-ooaaad  nuL 
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TABLE  A-23.  TORQUE-TENSION  DATA  FOR  fVD  ALUMINUM-COATEO  BOLT  AND  fVD  ALUMiNUU- 
COATED  NUT  LUBRtCATEO  WPO!  FEL-RRO  INCORPORATED  C-e01-8. 


Tm( 

Creld 

Na. 

fiMital 

TarwM 

(hi.-lb,CW 

OlTMtlM) 

T6rgM0ii)M(ia.-k) 

Imtoway 

TarfUfl 

m.-B) 

Rmlat 

Tmum 

(li-B. 

£C1N 

Dkaaiiaa) 

BalLMiiB) 

2, MO 

6, Mil 

7AOO 

18.808 

12,681 

18,881 

17A88 

28.888 

23 

1 

102 

180 

2S0 

335 

435 

550 

850 

750 

f£0 

650 

117 

2 

775 

3 

700 

4 

700 

S 

43 

110 

170 

230 

305 

385 

485 

680 

700 

430 

42 

6 

675 

7 

675 

« 

650 

9 

650 

10 

33 

83 

125 

180 

250 

330 

435 

560 

675 

305 

3/ 

11 

625 

12 

625 

13 

625 

14 

600 

15 

31 

SO 

■127 

18S 

255 

325 

485 

535 

650 

390 

33 

•  Nul  dd  no<  Kav«  wcx  lubdcani  (C«rbowsx  PolyctiyWn*  Gt/ool  XfSO)  »ppll»d. 

b  F»t  Pro  Inoiyponitad  C-eoi  -S  lubricani  k  «  pMt*  ooniainlng  SO%  ayntMic  gra^iNii  and  90%  palrobiluin  totmulalad  to  ima( 
MIL-T-SS44.  Tht  C-001-S  iubrioant  wm  ap(>lied  to  tM  tfvaadaol  lha  boM  and  auL 

c  NAS130ft-l0t>on:  Av«rao*alMnk(Svnatof>(j.«M7tn..evant(;aooalingtoid<naaa-0.0004ein. 

47FLW-a20  nut:  AtMragt  coding  Mctotaaa  - 0-00061  in. 

d  Taat  was  avaiuatton  o(  tsrquing  prooadura.  Thart  was  a  Mop  ■  10,000  poirxk  to  raoord  sarc|ua  appand  to  nut  tor  oyolaa  1, 6, 10, 
and  II  and  no  aa»p  at  10,000  pourtos  (sr  M  atiar  tongua-tonatan  efotaa. 

TABLE  A-24.  TORQUE-TENSION  DATA  FOR  tVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-RRO  INCORPORATED  C-B01-S. 


Tast 

N8.».*.M 

Cycli 

Na. 

Ranabig 
Tarqua 
(k.-lb,  CW 
OiraeUM) 

Ttrqoa  Oa  m  (hi.-tt) 

Riiaabnray 

Tarqua 

Ranning 

Tarqua 

(IB.-Ib. 

ccw 

DIraetiBn} 

Bal  Laad  (ft) 

2.580 

6,100 

7.500 

11.800 

12.580 

15,108 

17.680 

28.888 

24 

1 

117 

175 

245 

320 

400 

490 

590 

700 

825 

545 

118 

2 

825 

3 

825 

4 

125 

R 

as 

«p«f 

440 

1  IW 

170 

235 

31S 

4)0 

520 

650 

775 

470 

52 

6 

725 

mm 

725 

n 

725 

H 

725 

10 

41 

S2 

145 

295 

470 

660 

700 

405 

43 

11 

700 

12 

675 

13 

675 

14 

675 

15 

3fi 

84 

134 

200 

280 

355 

450 

540 

675 

365 

41 

a  Nut  (Id  no(  h«va  wax  luCxicart  (Carbowax  PolyaCiytons  Glyooi  3050}  applad. 

b  Fa(-Pro  Inocxporalad  C-dOVS  lubricant  b  a  pasts  oontsining  50%  tyntoadc  graphito  and  50%  palrolatom  tormutotad  to  maM 
MIL-T-6M4.  Tba  C-601-S  lubricam  was  tppitod  to  Its  Ihnscdi  of  Via  bo*  and  nut 

c  ItAS  1300-10  bolt.  Avaragstbankdiantttor -0.4900  In.,  avsragsooalngttifcbnaae- 0.00050  In. 

47FLW.«20  nul:  Atwrage  ooaing  ihictoiaet  -  0.00056  to. 

d  Taatw&ssviluationoftorqutogprooadura Tbars  waaaMapMaacbtoadtoora)Twnltortoci(dtori)utappladtonutbr<yctta1,S, 
to,  and  1 5  aitd  no  stop  at  1 0,000  pounds  for  al  oihar  turqu«4snaton  cyciae. 
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TABLE  h  as.  TORQUE-TENSION  DATA  FOR  IVD  ALUMNUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  VmN  FEL-PRO  INCORPORATED  &401-S. 


Ttst 

Cydt 

Ho. 

Rniiilni 

Torqui 

(ln.4b,CW 

DlrtcUtn) 

Ttiqui  Ot  Nul  Po.-tb) 

•tMlatray 

Twoua 

(ta.-IN 

Raiwlag 

Tar^ut 

(li.-lk. 

COW 

DIrtlUaa) 

MILuiObl 

2.iOC 

i.m 

7,500 

10,000 

12,500 

15,000 

17,100 

»,K)0 

2S 

1 

107 

ITS 

245 

3» 

410 

S10 

625 

726 

650 

570 

•S 

2 

•SO 

3 

775 

4 

77S 

5 

42 

114 

170 

260 

345 

435 

540 

650 

•00 

525 

43 

750 

mm 

750 

750 

n 

775 

10 

37 

106 

155 

230 

310 

400 

510 

650 

750 

475 

36 

11 

•25 

12 

•00 

13 

750 

14 

725 

15 

33 

103 

165 

230 

315 

410 

520 

■21 

750 

455 

35 

•  Nul  did  not  huv«  mu  lubnotnt  (CoLdmwu  PotyottV'*''*  33S0)  appliod. 

b  F*l4’ro  Incorporitad  C^1  -S  lubriRuil  It  •  ptili  oonlaining  iO%  tynihalic  tnd  SO%  pttoltbim  toimulak>d  Id  niMt 

MIL-T-5544.  Tht  C-601  -S  lubricant  wat  tpptitd  »  Iht  ttintadi  of  tht  bolt  and  nut 

C  NASt30B-10  bolt  Avaragt  thank  dan-abr -0.4S86  in.,avan^ooa(ng  tiIcknatt-d.OOOai  In. 

47FLW-620  nut  Avtngt  coabng  Ihickntu  -  0.00051  In. 

d  Ttit  wai  avalutton  of  Inrquine  prccadurt.  Thtra  wii  i  Mop  at  aach  load  Incramant  id  rtcord  torQua  afffiarf  Id  nut  tor  cydai  1,  & 
K,  andtCandna  atop  at  10.000  poundi  lor  al  ettartarqja-tanalBnejioba. 


TABLE  A-26.  TORQUE-TENSION  DATA  FOR  IVD  ALUWNUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C«)1-S. 


Tint 

Uo.i.MA 

Cydl 

No. 

Running 
Torqui 
(In.-lb.  CW 
Dlrodlon) 

Turqus  Or  Nut  (IR  -Ik) 

•tulawi)| 

Tirgui 

(li.-lb) 

Nunnlag 

Targuo 

(Ht.-lb, 

ccw 

Dlntdion) 

■«RU<4(lb) 

2,500 

5,000 

7,500 

10,500 

12,500 

15,000 

17,500 

N.aoo 

26 

1 

•6 

160 

235 

310 

400 

505 

565 

esc 

775 

4S5 

103 

2 

775 

3 

775 

4 

750 

5 

38 

108 

165 

235 

315 

410 

525 

650 

775 

466 

37 

6 

775 

7 

725 

.ft 

700 

9 

700 

10 

34 

66 

155 

220 

305 

415 

515 

6S0 

750 

450 

34 

11 

700 

12 

700 

13 

700 

14 

675 

IS 

32 

62 

145 

205 

275 

385 

475 

585 

725 

420 

34 

a  Nut  did  not  hava  vau  (obricant  (Carbowax  Polyathylana  Gljwl  3350)  appiad. 

b  r-al4’re  kKorporatad  C-fiOt  -S  lubriunt  ii  a  paita  oonlainlno  50%  lynthatic  gnphllB  and  50%  patroiatum  brmuiatad  to  maat 
M1.-T-5544.  Tha  C-e01  -5  lubrtcanl  wai  appliod  to  Ina  Ihratdt  of  toa  bofi  and  nut 

c  NASl30O-tDbQlt  Avari^  thank  dtomatar- 0  4090  In..  avaraoaco«brigtM(;knaaa-0.0004tln. 

47H.W-620  nut  Ayetaga  coating  Ihlcknaaa -0.00048  Vi 

d  Taat  was  avuKiation  of  brquing  procaciira.  Thara  wait  atop  at  aacMoad  tncramant  to  raoonf  torqua  appiad  to  nut  lor  cyda*  1,5, 
10,  and  15  and  no  atop  at  10,000  poundi  (gr  al  othar  toccfia-tantion  qrdac. 
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TABLE  A-27.  TORQUE-TENStON  DATA  FOR  CAOMiUM-PLATED  BOLT  AMD  ALUMSNU&S-^vLATED 

NUT  LUBRICATED  WITM  FEI.-PRO  INCORPORATED  CWI-ffi, 


T«t( 

(HC.aMA 

Cyela 

Na. 

Rnwliig 

Taniiie 
(iR.m.  CW 
DindiM) 

Tar«e:0aUA  (!■.•«) 

Kimalay  j 

I 

(ta-tt. 

ecw 

tUnsdlux) 

IS32 

GhwfaMnif 

Twniiw 

2, US 

S.9S& 

7^68 

12,66$ 

U.iOO 

17A69 

29, IK 

27 

1 

40 

85 

145 

21S 

m 

365 

445 

&35 

«2S 

SoO 

30 

2 

2S5 

600 

3 

235 

660 

4 

216 

m 

5 

2S 

60 

125 

170 

230 

310 

400 

495 

SfiS 

340 

20 

6 

230 

675 

7 

SSO 

Stic 

3 

245 

SOS 

9 

250 

600 

10 

30 

00 

140 

190 

m 

320 

410 

496 

600 

m 

30 

11 

290 

650 

12 

2t>0 

65Q 

13 

275 

125 

14 

a 

260 

625 

IS 

35 

110 

160 

ammmmmn 

220 

205 

365 

45C 

555 

675 

370 

LnM-MnMVrW 

•  Nut  had  wax  iubricani  (Cwrbowax  PciyMithytoiia  a^>oijl  33S0)  ap^Md. 

I)  F*t-Pro  Inoorporatad  &-a01  -S  kibdcant  la  a  putia  codkainlrtQ  SC^  aynihatic  graphti*  and  50^  pakolakim  HotnajIMad  0)  noat 
MIL'T-6544.  Tha  C-O01-S  lubricant  waa  appUad  to  tva  tlvaadu  ot  tno  holt  and  nuL 

e  NAS1306'10bon:  Avaraga  ahanK  diamaiaf  “  0.4BB7  In.,  avaraiga  oealinfl  tWchnaaa  -  tt  aoojp  in. 

47FLW-820  nut:  Avangt  octat-vy  ttilcirnaaa  -  0.00O4C  k-t. 

4  TaalwatanavaluaUono<dMinriUarlktt8hascn«ti*l»Uurtlriut«ritf>(H)M;a(Iprooaduia  andaquIpnanL 


TABLE  A-28.  TOHQUE-TENSION  DATA  FOH  C/kOMSUM-PUTED  BOLT  AND  IVD  ALUWSNUM-PLATeiD 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-0C1-S. 


Tad 

Cycia 

Na. 

Ramiati 
Taniua 
(la.-lb,  CW 
Oiraction) 

Tsi^  Ott  Ntd  (k.~lfe) 

Sraafaiw/ 

Tantua 

Y»fqu«  1 
(te.-ISi,  1 

CiCVii 

DEneiisr,;| 

Oti  Lima  (Ni) 

2,600 

6.M9 

7,600 

1I,KC 

12,680 

19,8k 

17,W0 

■1 

2»,8Si8 

28 

1 

60 

120 

180 

240 

320 

396 

470 

570 

S7S  ^ 

380 

40  1 

2 

265 

650 

3 

270 

625 

! 

4 

270 

626 

s 

6 

50 

105 

165 

225 

305 

383 

470 

505 

650 

'MB 

50  1 

C 

300 

675 

7 

280 

675 

1 

• 

270 

650 

8 

270 

650 

9 

J 

10 

65 

115 

170 

225 

290 

365 

4» 

565 

650 

m 

so  1 

11 

275 

£50 

12 

270 

650 

1 

13 

280 

676 

1 

14 

275 

675 

1 

15 

60 

115 

170 

225 

295 

380 

480 

595 

700 

405 

70  1 

a  Nut  had  wax  lubricant  (Carhowax  Polyathylana  Glyod  3350}  i^ytad. 

b  Fal^rolrK<KporaladC-(»1-S  lubricant  la  a  paaiiCWfilalrilriB  50%  Bytitftailcvraphll*  and  SOlCpalrolaijrnbrTnulaiadlomaal 

Iilll.-T-&.’S44.  Tha  C-601-S  bUioanf  ¥Ma  appCad  to  fta  Ihraada  of  iha  boh  and  rvuL 

c  NASiaoe-IObott  Avaraoaihanki#amatof-0.4»87  In.,  tvangaooalnoMcknaaa- 0.00040  In. 

47Fl.W-e20  nut:  Avarage  coaOng  Mcloraaa  -  0.00040  In. 

d  TaatwaaanavaJuaiionaldLjImlla/InlniMonthaboeandnutwhhopIrnbadprxMxadurtandaquIptTwnt. 
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TABLE  A-29.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  IVD  ALUMINUM-PLATED 
Nirr  LUBRICATED  WITH  FEL-PRO  INCORPORATED  &«01-S. 


Ttst 

ll#*.».s,4 

Cyeia 

Na. 

Binning 

Tarqua 

(bi.-ib.CW 

OIraction) 

TaniuaONNut(li.-B) 

Iraibway 

Terqua 

(In.-lti) 

Hunning 

Torqui 

(ta.-k, 

CCW 

DInctlan] 

■•KLM4  (k) 

03 

6,000 

7,600 

11,000 

12,600 

16,800 

17,600 

20,000 

29 

45 

95 

150 

wm 

265 

415 

495 

580 

315 

30 

225 

550 

230 

570 

220 

El 

5 

35 

85 

135 

190 

245 

325 

405 

485 

30 

6 

265 

585 

7 

230 

575 

9 

275 

600 

6 

285 

625 

10 

40 

100 

ICS 

rm 

280 

360 

440 

530 

650 

335 

35 

11 

275 

650 

s 

12 

650 

1 

13 

275 

675 

I* 

14 

290 

675 

L, 

15 

40 

105 

165 

215 

290 

365 

460 

555 

650 

360 

45 

t:  W4X  iut>rlcanl  (Car^owu  PotyeUiylM*  Glyool  33S0}  appiM. 

1>  "-AOI-S  lubncani  !■  a  pasta  sonlalrttng  S0%  aynthalic  gnphlla  and  SO%  patroULim  brmutalad  to  maat 

Vho  iubrioant  was  appliad  to  lha  ihiaada  of  tha  boit  and nul 

r  KtASnos- lb  Ctott  A\>«(aga  fihankcUarnaist-0.4W0  in.,  avaraga  coaling  tNchnata- 0.00035  In. 

4i7FLV-'-k«C  nut:  Aaiiisgo  cMtirig  thlcitfissc  -  0.00040  in. 

(>  TiMit  wa«  ao  wUuwun  of  dtoaimltaj'  Aniahas  on  iha  boH  and  nul  with  opiinilsad  procadura  and  a<|ulp«nanl. 

TACLE  A-SO.  T'CROUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


rri 

Cycln 

Ko. 

Bunniiia 

Yorqua 

(in.’lb.CW 

Oirtcllon) 

Ttrqua  Cn  Nul  (in.-lb) 

VrtaloBway 

Tarqui 

(In.-lb) 

Running 

Yurqua 

(In.-lb, 

CCW 

Dlrtcllon) 

Volt  Usd  (lb) 

2. SCO 

5,000 

7,500 

10.000 

12,500 

15,000 

17,600 

2S,(IDD 

30 

1 

IIS 

210 

280 

355 

440 

530 

650 

760 

850 

565 

100 

415 

825 

310 

75P 

300 

750 

55 

120 

175 

230 

310 

395 

510 

S60 

775 

480 

SO 

6 

295 

760 

■■ 

290 

7?'5 

MM 

305 

750 

H 

285 

750 

10 

40 

105 

165 

220 

310 

400 

615 

650 

760 

480 

40 

11 

280 

r25 

12 

275 

>’25 

13 

260 

725 

14 

260 

725 

. . 

15 

40 

95 

150 

210 

285 

390 

495 

MS 

760 

460 

40 

a  Nul  had  wax  Uitxicanl  (Cartiowax  Poiyainytona  Glycol  U50}  appUad. 

t>  Fal-Pro  tnco<p<xal^  C-e01-5  lubricani  Is  a  pasta  containing  50%  aynthaticgrapfilto  and  50%  paVoOtikjin  k^rrsilatod  to  inaat 
MIL-T-5544.  Tlia  C-601-S  lubrcsnl  was  applied  to  tif  ttiraads  of  tha  boh  and  nuL 

c  NAS  1300-10  boll.  Avaragfl  Shank  diam*ter-0.4»68  In.,  t/aragacoaUngthlchnuas- 0.01X134  In. 

47FLW-820  nul:  Average  coatng  ttilcknsss  -  0.00046  In. 

d  Test  was  an  avaluation  of  lha  IVD  aluminum  coating  appliad  to  t>«  bolt  Boll  wa»  tostod  as  >.'>:>a«iKl  Normady  A  bolts  and  nulti 
ware  glass  bead  peenad  ar>d  chemical  oonverslon  ooatad.  , 
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TABLE  A-31.  TOROUE-TENSION  DATA  t^'OR  tVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601'£. 


Tts) 

IIb.'.LM 

Cycit 

Na. 

RuMing 

Twiiua 

(ia.-th,  CW 
Olradlan} 

TafguaOBlilui(ta.-B| 

ilrtikawsif 

TtillUl 

(iR.-tt) 

Running 

Teniut 

(to.-lb, 

CCW 

Dlirteiian) 

3 

B.QOfi 

7,600 

16,0110 

12,UD 

16,903 

17,680 

20.000 

31 

1 

120 

170 

255 

350 

445 

545 

esu 

750 

675 

625 

116 

360 

925 

365 

750 

205 

725 

45 

110 

1(0 

225 

S05 

300 

480 

600 

725 

400 

55 

e 

340 

750 

mm 

320 

725 

n 

260 

700 

kI 

250 

TOO 

10 

45 

05 

155 

200 

265 

365 

470 

680 

700 

470 

40 

11 

270 

725 

12 

270 

700 

13 

260 

750 

14 

280 

725 

15 

40 

1Q5 

1SS 

225 

205 

300 

405 

625 

725 

47,5 

36 

•  Nul  h«d  wax  lubricant  (Cortiawax  Polyathylons  Glycol  U&0)  applied. 

b  Fal-Pro  moorporaiod  0-601-5  lubilciinl  It  ■  patit  oonUInlng  !»0%  tynthaiic  grafAlto  a'td  50%  paboialurn  ilMYrulaltd  to  mMtt 
MI1.-T-S544.  Th«  C-601-S  lubricant  waa  applioci  to  livt>  toroodt  of  th*  boll  ttinci  nuL 

C  NAS  1308-10  bolt;  Avorogo  olionK  diamalar -0.4067  in.,  avotag*  coaling  Uildt/viMM -0  00431  in. 

4VFLW-e20  nut:  Avorag*  ooabng  thicknoM  -  0.00040  In. 

d  Tm)  waa  to  avaiuaia  tta  tflact  of  a  poliahoci  IVD  a'umlnum  ooibnc  on  tia  loixiua-toniiion  (AaracUiristiot;  oil  Ina  boll  und  ntrl 


TABLE  A-32.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S, 


Tad 

Cycli 

Ne. 

Running 
Tonjua 
(in.-lb,  CW 
Diradian) 

Tarqua  On  Nut  (iii.-fii) 

Breti'kaway 

Terqua 

(ia.-lbi 

Running  | 
Torqui  | 
(in.-lb,  1 

ccw 

Dirndloti)! 

Eon  Lea6  (lb) 

2,600 

6,000 

7,600 

10,000 

12,500 

Vi.SPC 

17,609 

20,000 

32 

1 

85 

155 

220 

280 

,355 

440 

535 

650 

R9 

440 

GO  1 

mm 

310 

1 

M 

290 

He  fl 

I 

H 

340 

775 

1  1 

H 

40 

110 

190 

260 

330 

425 

525 

650 

TSO 

455 

50 

a  Nut  had  wax  lubficjint  (Caibowax  Pofyolhytona  Glycol  3350)  applied. 

b  Fal-Pro  Incorporalad  C-601-S  hjbrioanl  Is  a  pasts  conulnlng  50%  aynawtlc  graphflo  and  50%  psVc4atum  bmiotalsd  to  ir^as! 
MIL-T-5544.  Th*  C-601-S  lubricani  was  applied  lo  Ihe  thraads  of  the  boh  and  nuu 

c  NASI 306-10  boh  Averaos  shank  dianietor -0.4982  In.,  aysrage  ocaiing  ihicNieta- 0.0001 5  to. 

47FLW-e2D  nut:  AvorasjB  cx>atiiig  thickness -0.00045  to. 

d  Tost  was  sn  evaluation  of  a  very  »iln  IVD  aluminum  coaling  on  Ihe  boN  and  a  non-nal  thickness  of  IVD  aluminum  coating  on 
the  nut. 
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TABLE  A-33.  TORQUE-TTENSJON  DATA  FOR  rVD  ALUMINUliA-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRiCATED  Wrm  FEL-PRO  INCORPORATED  C-601'S. 


Y«A 

Ho.s.k.tA 

Cycit 

M>j. 

Kunttlng 
Taniua 
(lii.-lb,  CW 
Dir«(iio»] 

TtrqyiORNut(iii.-lb) 

Iniskaway 

Tarqua 

(ia.-lb) 

nuniiliiB 

Tarqui 

{(A.-lb, 

eru/ 

DIradion) 

■•IILw^  (ill) 

m 

fi.QOll 

7,600 

10,000 

12,500 

16,000 

17,500 

20,000 

33 

1 

90 

Us) 

200 

270 

365 

440 

535 

650 

750 

445 

85 

365 

825 

3^ 

800 

( 

355 

825 

60 

125 

J!L 

265 

355 

460 

530 

700 

825 

535 

fi  Nui  had  wax  luivicani  (Ci4.bcwjii:  Polyv'hytena  Gt^'ocl  3350)  appHad. 

b  Fci)-?ro  lnccMVc>r«t«(1  &90'  <5  MJbricrnt  la  a  pasta  containing  50%  aynthailc  graphite  and  50%  palrolaium  formutalad  to  maat 
W1IL’'T-5S4(  .  Tha  C-«J1  ‘S  iubrici^hi  wot  appi  ad  to  Vte  thraada  o(  tha  bolt  am)  nul 

e  KASl30e-lOboH:  Avoragt  tihankdi4.'rvator-0.4M3  In., a^wmoaoaaVng  ihicioteM- 0,00015  in. 

47I-'LW~S20  nut:  Avoiaga  tMJdng  chlcKna-^s  -  0  DOOM  in 

d  Tsai  was  an  avaiiMiloti  rif  a  vary  thin  IVD  aluminum  ooating  on  ttia  boh  and  a  normal  thlcknaaa  ol  IVD  aJunmn um  coating  on  tha 
)Tul  in  addition,  any  rnvuil  ps/tirte)  uontamlnaticin  In  dw  b.ibrlcant  aas  ramovted  by  uhiasonlcally  ctaanlng  tha  boh  and  nut  aftor  tha  Vat 
torque  tunsion  cyclo. 


TABLE  A-34.  TORQUE-TENSION  DATA  FOR  ft^O  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


■ 

Tfl'tJ 

Oycli 

Nd. 

Running 
Torqua 
(In.-lii.  CW 
DIradion) 

Torqut  On  Nut  (In. -16) 

Uraakaway 
Tarqut 
(in. -lb) 

Running 

Terqui 

(In.-lb, 

CCW 

DIradion) 

loll  Load  (lb) 

2,500 

6,000 

7,500 

1D,03ti 

17,500 

20,000 

34 

1 

85 

125 

190 

265 

350 

440 

535 

650 

750 

450 

80 

2 

340 

BOO 

3 

310 

750 

4 

3CC 

77a 

5 

40 

85 

ISO 

215 

300 

405 

520 

650 

775 

500 

40 

a  K'ui  had  wax  lubricant  (Carbowax  Potyathytons  Glycol  3350}  appKad. 

b  Fol-Pio  Incotporalad  C^1  -S  kjbncanl  U  a  puls  containing  50%  aynlhatic  graphite  and  50%  pstrotatum  bitnulalad  ts  maat 
MII.-T-5544.  The  C-50t-S  iubrtcanl  was  applied  to  the  thraada  of  tha  boh  and  nut. 

c  NAS1306'10  bolt:  Avarage  shank  diamster  -  0  4085  in.,  average  coating  thicknass -0.00035  In. 

47FLW-620  nut;  Average  coating  thickness  -  0  00048  ki. 

d  Test  was  to  evaluate  the  effect  of  multipla  applicalions  ol  carbowax  on  the  boll/nut  torque-tension  characteristics.  The  carbowax 
was  applied  to  the  boh  and  nut. 
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TABLE  A-35.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tati 

Cytl« 

No. 

Rmning 

Tarqui 

(ln.-lb,CW 

Diraction) 

Tbrqui  Oil  Nut  (bi.-tt) 

Bnakstaty 

Tartjui 

(lit.-tt) 

Running 

Tirgua 

(iM.-tt, 

CCW 

DlradloB) 

■aNLMtdb) 

2.soa 

S.OOO 

7,600 

10,800 

12,600 

16,000 

17,600 

21,800 

35 

1 

140 

210 

285 

370 

460 

655 

650 

750 

480 

85 

350 

800 

355 

800 

340 

750 

U 

sc 

105 

165 

245 

320 

405 

510 

625 

750 

450 

45 

K  Nut  had  wax  lubricant  (Cvbewax  Potyothylona  Glyool  3350)  appliad. 

b  Fal'Pro  Incorporatad  C-001  -S  lubrioint  k  a  pasta  containing  5014  aynlbalic  graphte  and  50%  palrotalunn  bnraili\lad  to  ntoat 
MIL-T-5544.  Tha  C-SOt-S  lubrlcani  was  appliad  to  tto  ihraada  of  ttw  bolt  and  nuL 

c  NASl30fl-10  bolt:  Averaga  thank  dukmsiar  -  0  4800  In.,  avaraga  coating  thicanaaa  -  D.OOOItt  In. 

47FLW-B20  nut:  Auaraga  coating  thicknast- 0.00025  In. 

d  Taat  was  an  avaluation  of  a  vary  ailn  IVD  aluminum  coating  on  too  bolt  and  nut.  In  addition,  any  matal  parllcla  oontamlrtaUon  In 
tfia  lubricant  was  ramovad  by  uttrasonically  daanlng  tia  bolt  and  nut  afiar  tha  Ibat  tongua-Canalon  cytM. 


TABLE  A-36.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  V/ITH  FEL-PRO  INCORPORATED  CH601-.:. 


Taat 

No 

Cycle 

No 

Running 
Torqui 
(In.-lb,  CW 
Olrtdion) 

Tsrqui  On  Nut  (In.-lb) 

Brtiknray 

Terqua 

(In.-lb) 

Running 

Torqui 

(in.-lb. 

CCW 

Dindion) 

loKLoad  (lb) 

2,600 

5,000 

7,600 

10,000 

12,500 

17,500 

20,000 

36 

1 

50 

110 

175 

260 

345 

430 

535 

650 

750 

460 

60 

370 

875 

450 

000 

360 

850 

40 

115 

200 

285 

360 

400 

600 

750 

000 

625 

40 

a  Nut  had  wax  lubricant  (Caibowax  Polyethyluna  Glyool  3350)  appliad. 

b  Pel-Pro  Incorporated  C-OOt  -0  lubrtcani  Is  a  pasta  contatning  50%  synthatlc  graphito  and  50%  pakolatum  bmiulaiad  to  moat 
MIL-T-5544  Tha  C-801-S  hJbrkant  was  applied  to  tha  threads  of  tha  bolt  and  nuL 

c  NAS 1 306-10  bolt:  Averago  shank  diamator  -  0.4884  In.,  avarago  coating  thldmaas- 0.00017  In. 

47FLW-e20  nut:  Averag#  coating  thick/iew  -  0.00031  h. 

d  TasI  was  an  avaiu-iion  a  vary  ftin  IVO  clurninurn  oottirg  on  5m  bolt  and  nut.  h>  addition,  any  matal  particle  oontamlnalion  to 
tha  lubticani  was  ramowd  by  utti  asonically  cleaning  toe  bott  and  nut  after  tha  first  torque- tension  cy^. 
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TABLE  A-37.  TORQUE-TENSION  DATA  FOR  IVO  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S, 


I 

I 

i 

I 


Tnl 

Cycli 

N«. 

Running 
Tor^ui 
(in.-l5.  CW 
DIrictIun) 

Ttrqut  OnMul(ln.-lb) 

Brikkawty 

Tarqui 

(IB.-Ib) 

Running 

Torgui 

(In.-lb. 

CGW 

Dlnctlon) 

•Alt  Lm4  (lb) 

2.300 

8.000 

7.800 

10.000 

12,800 

18.000 

17.800 

053 

37 

1 

SO 

110 

185 

265 

360 

460 

555 

675 

BOO 

510 

60 

2«S 

725 

775 

235 

000 

S 

40 

85 

140 

200 

350 

4n 

SBS 

725 

470 

40 

6 

mm 

n 

265 

B 

270 

■  1?>B 

10 

30 

115 

too 

265 

355 

480 

625 

775 

900 

600 

30 

11 

295 

ggia 

12 

260 

BOO 

13 

260 

775 

14 

260 

750 

15 

20 

30 

120 

190 

25,5 

350 

4E5 

625 

750 

445 

25 

•  Nut  did  not  h^v*  lubnconi  (C«rbow&x  Gtyoot  diSSO] 

b  Foi'Pro  Ineo^pontt^d  C-601  *S  tubricani  it  a  patio  ounMmmg  50%  AirnMIc  grap^ito  and  !iCn^  potrolaturr  fon^utatod  to  moot 
MIL*T*S5A4.  Tha  OfiOI'S  kibncant  Mt  appi«d  to  th«  (^'oada  ofthti  bolt  and  nuL 

c  NAS13OA-10  bolt.  Avar Apa  t^ank  fiamolAr-O  Adas  m.,  Avo^aga  coabng  tbkknatt- 0.00042  in. 

47FLW'ft20nut  Avantga  OOAbng  thtcknaia- 0  00044  In 

d  Tait  wAi  an  avaiuat<an  oi  An  IVO  aiuminum-zinc  cx«bng  hom  an  aluminuivi  alloy  oontoming  20%  imc  Tha  Alurrinunvzinc.coatad 
bolt  and  nut  waft  giait  baad  paan#d  and  cbamicaliy  oonva<t«on  ooatad 


TABLE  A-38.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tilt 

No.'.MJ 

Cycli 

No. 

Running 

Torqui 

(In.-lb.CW 

Dlnctlon) 

Totqui  Oil  Nul  (In.-lb) 

Briikiwiy 

Tarqui 

(In.-lb) 

Running 

Torqui 

(In.-lb. 

CCW 

Dliidlan) 

Bill  Laid  (lb) 

7.500 

10.000 

12.500 

15,000 

17,500 

20.000 

33 

1 

100 

175 

240 

330 

415 

505 

625 

725 

325 

560 

80 

335 

305 

800 

300 

BOO 

40 

95 

155 

215 

295 

390 

516 

650 

■Tol 

S20 

40 

295 

825 

300 

650 

290 

650 

9 

290 

BOO 

10 

30 

85 

135 

200 

270 

370 

500 

625 

775 

460 

30 

11 

270 

750 

12 

265 

750 

13 

250 

700 

14 

250 

700 

15 

30 

30 

13S 

180 

260 

350 

465 

.59(1 

725 

410 

30 

a  Nut  had  wtx  iubricani  (Ca'bowtk  Polyat^ylana  Giyooi  33S0)  appl«ad. 

b  Fal'Pro  incorpoftiad  C-601’Slubrk»ni  it  a  paiki  containing  50%  aynthaiic  grap^iia  and  50%  palrolAUim  hKnxjIaiad  to  maat 
MIL-T-5S44.  Tha  C-60i>S  lubnc«n{  wrtk  appiiad  to  tha  thraadt  ol  tha  bolt  andnul 

c  NAS1304^  to  bolt:  Avaraga  ahank  diamator  >- 0.4887  in.,  avaraga  coabog  ihtcknaii- 0.00044  In. 

47FLW-820  nut:  Avaraga  coating  tfitcknasa  -  0  00047  In. 

d  TasI  wai  an  avaJuation  of  an  rVD  aluminum-zinc  coating  from  an  aluminum  aftoy  containing  ?0%  Zinc.  Tha  aluminum-zinc-coalad 
boll  and  nul  wa^a  gla»k  baad  paanad  and  cham>caily  convafaA>n  coa'ad  In  addiUon.  carbowax  wik  appi^  lo  tha  aJamtnurrv-za^c* 


TABLE  A-38.  TOROUE-TENStON  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-€70. 


I 

I 


Tail 

No.**' 

Cytio 

No. 

Running 
Tarqui 
(In.-lb.  CW 
Oii’odion) 

Tai^uaQ6Nut(la.-ft) 

Nyaskawny 

Tarqut 

(li.-tt) 

Running 

Tarqui 

(in.-ife, 

ccw 

Dlrictlon) 

l6NLMi4(lti) 

2,500 

5,800 

7,500 

10,000 

12,500 

16,000 

17,500 

21,000 

39 

1 

66 

113 

180 

260 

335 

455 

525 

wm 

776 

565 

52 

360 

III 

050 

365 

050 

370 

075 

48 

112 

170 

^1 

370 

650 

075 

50 

360 

1,000 

350 

075 

350 

075 

335 

025 

10 

29 

105 

170 

335 

450 

625 

725 

875 

38 

11 

320 

050 

12 

315 

600 

13 

305 

850 

14 

325 

650 

15 

31 

83 

170 

255 

380 

465 

675 

700 

825 

625 

36 

■  Nut  auppli^d  with  wtx  kibr^K  (Cikrbowmx  Polyalhjrten*  Gtyoot  33SO)  appIM. 

b  F«l-Pro  lncorpOr«l*d  0-670  lubricanl  oontoini  65%  moiybd^um  cfc«ut<U«  ■u^>«n<l»d  In  i  soft  TImi  C-670  tutxV'.anl  wm 
•ppitad  to  thi  thr«ad(  of  Iht  bolt  and  nut. 

c  NA&l3oe-10  bolt  Avarsgo  shank  dlamalar- 0.4666  In.,  avstagaooailngbtictuMMa- 0.00040  In. 

47FtW-A20  nut.  Avsrag*  coating  thlcknssi  -  0.00043  m. 


TABLE  A-40.  TORQUE-TENSION  DATA  FOR  CADMiUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WHU  FEL-PRO  INCORPORATED  C-B70. 


Tart 

Nb,*‘.' 

CycU 

No. 

Running 
Torqua 
(In.-lb,  CW 
Olrertion) 

Tsrqua  On  Nut  (ia.-lb) 

Braakaway 

Ttrqua 

(In.-lb) 

Running  1 
Tarqui  1 
(In.-lb. 
CCW 

Dlraction) 

ioH  Load  (lb) 

2,500 

5,000 

7,500 

10,000 

12,500 

15,000 

17.W0 

20,000 

40 

1 

53 

109 

180 

255 

325 

415 

525 

650 

725 

550 

38 

375 

925 

355 

975 

375 

975 

43 

111 

180 

270 

380 

510 

675 

850 

1,000 

750 

43 

36Q 

1,000 

370 

875 

345 

850 

355 

825 

10 

36 

102 

165 

235 

330 

455 

550 

750 

850 

625 

32 

11 

315 

850 

12 

320 

825 

13 

375 

825 

14 

325 

800 

16 

33 

05 

170 

255 

330 

425 

500 

625 

750 

575 

27 

a  Nut  auppllod  with  wax  lubdcant  (CartXTwax  Polyathylona  Gfyoo)  3350)  ap^tlad. 

b  Fel-Prn  Incoiporalad  0  -670  kibricant  oonUlns  65%  molybdanum  (teutfido  tuipandod  in  a  soft  pasta.  Tha  C-670  lubricant  was 
appliod  lo  the  threads  ol  the  bolt  ar>d  nut. 

c  NASt  306-10  bolt:  Average  thank  dUmaWr  -  0.4067  In.,  average  coalitig  thicknesa -0.00041  in. 

47FLW  620  nut.  Average  coalirig  thickness  -  0.00042  ki. 
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TABLE  A-41.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITN  FEL-PRO  INCORPORATED  C-670. 


Tilt 

Dio 

CycIa 

Na. 

NuniitnB 
Ttrqiii 
(In.-lb,  CW 
OIraetian) 

Ttniua  0«  Nul 

Brtakaway 

Tsniua 

(H.-Hi) 

Running 

Toniui 

(In.-lb, 

CCW 

Diradion) 

l«HLaa4(lb) 

2,500 

6,000 

7,600 

10,600 

12,600 

16,000 

17,600 

28,180 

41 

1 

67 

131 

205 

285 

380 

485 

725 

875 

625 

52 

325 

850 

345 

1,000 

355 

1,000 

61 

121 

18v 

260 

375 

535 

675 

825 

975 

57 

360 

850 

335 

800 

330 

BSD 

330 

800 

10 

45 

83 

155 

225 

320 

425 

625 

750 

875 

39 

11 

300 

850 

12 

285 

825 

13 

280 

800 

14 

270 

776 

15 

37 

06  , 

155 

215 

285 

385 

575 

650 

800 

550 

31 

■  Nut  auppllad  with  wax  lubrtcani  (Ccrt>owM  Potyathyiwii  Cilyool  S350}  appMad. 

b  Pal-Pro  Incorpoi  clad  C-470  lubricani  oonlalni  es%  molybdonum  ctaulfida  auapaodad  In  a  aoll  pasit .  Tha  C-C70  lubdcani  wat 
appliad  lo  iha  thraadt  of  ttia  botl  and  nut. 

c  NAS1 306-10  boll:  Avaraga  thank  dlamatar -0.4M0  ki.,  evaraga  ooaUng  thkfcnaaa -0.00037  In. 

47PLW-S20  nul:  Awaraga  coating  thicknaai  -  0.00043  in. 


TABLE  A-42.  TORQUE-TENSION  DATA  FOR  IVO  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-670. 


Titt 

No.».L* 

CycIt 

No, 

Running 
Torqui 
(In.-lb,  CW 
Olridion) 

Tarquo  On  Nut  (In. -A) 

BraalcDWiiy 

Tertiua 

(la,-lb) 

Running 

Torqua 

(in.-lb, 

CCW 

tliidlon) 

Roil  Load  (lb) 

2,500 

6,000 

7,500 

10,000 

15,000 

17,500 

20,000 

42 

1 

89 

180 

270 

350 

460 

675 

750 

950 

IFfI 

825 

69 

450 

410 

1,050 

360 

075 

5 

38 

123 

215 

280 

370 

495 

650 

825 

075 

725 

43 

485 

1,150 

410 

1,050 

u 

375 

1,000 

n 

345 

050 

10 

32 

104 

IBS 

250 

355 

480 

625 

800 

875 

700 

31 

11 

355 

850 

12 

325 

850 

13 

340 

825 

14 

320 

800 

15 

27 

155 

230 

335 

460 

600 

800 

925 

675 

27 

a  Nut  cfd  not  have  wax  lubricant  (Carbowax  PoVcth/tana  Glyoot  1350}  appUad. 

b  Fel-Pro  Incorporalod  C-070  lubricant  contains  65%  rrxxtybdwnum  ctsulfkks  auspendod  In  a  aofi  pasta.  Tha  C-670  lubricant  waa 
applied  to  the  threads  of  tha  bolt  and  nut. 

c  NAS1306-10  boll:  Average  thank  diamolar  -0  4969  in.,  awraga  coating  thickrrass -0.00051  hi. 

47FLW-a20  nut:  Avorago  coating  thtcknass  -  0.00045  In. 
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TABLE  A-43.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-«70. 


I 

I 


I 

I 

I 

I 

B 

I 

I 

I 


I 


I 

B 

I 

I 

I 

8 


I 


B 


\ 


T6tt 

No*-'.* 

Cyel« 

No. 

RmwIiiib 
T»n|uo 
(In.-lb,  CW 
Dlrsction) 

Ttr^  0«  Nut  (la.-lb) 

Braakaway 

Ttrqui 

(IR.-Ib) 

Running  I 
Tartiui  1 
(In.-lb, 

ccw 

Diraction) 

kniMd  (ft) 

2,600 

8,000 

7,800 

10,000 

12,800 

18,000 

17*500 

20,800 

43 

1 

76 

185 

275 

360 

455 

550 

700 

875 

1,050 

850 

82 

470 

1,100 

445 

1,125 

380 

1,050 

36 

100 

185 

300 

420 

505 

700 

800 

1,000 

776 

36 

360 

675 

345 

875 

320 

850 

325 

850 

10 

26 

91 

170 

280 

425 

490 

625 

725 

875 

600 

30 

11 

315 

025 

12 

325 

B2S 

13 

320 

825 

14 

310 

750 

15 

29 

84 

no 

240 

330 

450 

sso 

650 

800 

525 

24 

■  Nut  CM  not  have  wax  lubricant  (Cartowax  Potyathyiena  Qlyool  3350)  appIM. 

b  Pat-Pro  Incorporated  C-fi70  lubricant  contalna  SSM  motybdanum  d«ulUe  auipandcKi  In  a  ooft  pasta.  Tha  C-670  lubricant  was 
appliad  ko  the  ttuaads  of  the  bolt  and  nut. 

G  NASI 300-i0  bolt:  Average  shank  dlamalet -0  SIMKi  In.,  average  coating  bilcknass -0.00051  In. 

47P1.W-520  nut:  Average  ooailr^g  tmcknaui  -  0.00063  kt. 


TABLE  A-44.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  HUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-CTO. 


Till 

No.'Ll 

Cycit 

No. 

Running 
Torqus 
(in.-lb.  CW 
Direction) 

Tirt]u*  On  Nut  (In.-lb) 

Brtekaway 

Tort|ui 

(in.-lb) 

Running 

Torque 

(In.-lb, 

CCW 

OIreclion) 

Bolt  Load  (lb) 

2.600 

8,000 

7,600 

10,000 

12,600 

16,000 

17,600 

20,000 

44 

1 

93 

195 

305 

450 

545 

650 

775 

925 

tM 

850 

85 

450 

430 

1,000 

415 

975 

6 

26 

107 

195 

260 

345 

460 

625 

700 

900 

650 

24 

325 

900 

320 

ObU 

8 

310 

825 

9 

295 

825 

10 

22 

88 

155 

225 

305 

425 

535 

650 

775 

500 

21 

11 

315 

825 

12 

310 

800 

13 

300 

800 

14 

300 

COO 

15 

20 

84 

150 

220 

305 

410 

525 

725 

800 

625 

19 

a  Nut  did  nol  have  wax  lubricant  (Carbowax  Polyelhytorw  Glycol  3350}  appliad. 

b  Pel  Pro  Incorporated  C-67C  lubricant  oonlaint  65%  molybdenum  cisL'trKJe  susponded  In  a  soM  paste.  The  0-670  lubricant  was 
applied  to  the  threads  ot  the  boll  ar>d  nut. 

c  NAS130e-10  bolt:  Average  thank  dlamalar  -  0.4066  In.,  averagw  coating  thickness  -  0.00040  in. 

47FLW-620  nul:  Average  coating  thickness  -  0.00048  In. 
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TABLE  A-45.  TORQUE-1  ENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  MOLY-50. 


Ttnl 

No.*'*'* 

!"■  — ■ 

Cycit 

No. 

Running 

Tflrque 

(!n.-lb,CW 

Oirfction) 

Tarqut  On  Nut  (la.-fe) 

Breakaway 

Terque 

(IB.-Ib) 

Running 

Terqut 

(In.lb, 

COW 

DlrastioR) 

■aniMdCUi) 

2,500 

5.000 

7,600 

10,000 

12,600 

15,800 

17,500 

28,000 

45 

41 

102 

165 

230 

300 

365 

455 

525 

650 

355 

31 

290 

650 

280 

650 

270 

650 

5 

35 

88 

140 

215 

200 

340 

415 

510 

625 

325 

36 

6 

285 

625 

270 

625 

280 

825 

265 

625 

10 

31 

78 

137 

210 

280 

375 

455 

525 

600 

310 

28 

11 

275 

600 

12 

275 

600 

13 

270 

600 

14 

270 

575 

15 

27 

81 

144 

205 

290 

350 

440 

530 

600 

290 

26 

■  Nut  (upplM  with  wax  lubric<t/tt  (Cartxowax  Polyathyians  Glycol  U50)  appUod. 

b  Fal-Pro  Incorpcvatad  Moly-50  lubricant  it  ■  ^ta  oonlainirxg  50%  molybdanum  ctsulfida  and  50%  patrotatum  lornxilatad  to  tnaat 
MIL-T -65453.  The  Moly-50  lubricani  was  applied  Is  tha  threads  oi  the  boH  and  nut. 

c  NAS1 306-10  bolt.  AveraQa  shank  diameter- 0.4006  in.,  average  coatino  thiduiau -0.00031  In. 

47FLW-620  nut:  Avaraga  ooating  thicKneiiS  -  0.00040  in. 


TABLE  A-46.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  MOLY-50. 


Tail 

Nc.*'*.« 

Cycia 

No. 

Running 

Torque 

(In.-lb.CW 

Olradion) 

Torqui  On  Nut  (in.-lb) 

Braakaway 

Tsrqua 

(In.-lb) 

9 

BoK  Load  (lb) 

2,500 

6,000 

7,500 

10,000 

12,500 

15,000 

17,600 

20,000 

46 

1 

47 

111 

170 

245 

310 

395 

475 

575 

S50 

375 

43 

2 

245 

600 

3 

255 

650 

4 

260 

650 

5 

33 

78 

130 

190 

260 

320 

420 

510 

625 

320 

37 

6 

240 

625 

7 

245 

650 

i» 

O 

4a  Ja> 

DdU 

9 

245 

650 

10 

31 

87 

115 

180 

255 

335 

435 

520 

650 

345 

38 

11 

245 

650 

12 

250 

650 

13 

250 

650 

14 

230 

600 

15 

31 

81 

139 

195 

270 

350 

440 

530 

625 

325 

34 

a  Nul  eupplied  with  wax  lubricant  (Carbowax  Polyelhylene  Glycol  3350)  applied. 

b  Fal-Pro  Incorporalod  Moiy-50  kjbricani  Is  a  pasle  containing  50%  rroiybdenunt  i3  -imde  and  50%  petroUtum  tormulatad  to  meet 
MIL-T  13483.  The  Mt)ly-50  lubrVtanI  was  applied  lo  the  threads  o(  the  boll  and  nul 

c  I  31306-10  bolt:  Average  ahank  diameter- 0.4986  in.,  average  coating  thickness -0.00033  tn. 

47HLW-e20  nul:  Avatago  coating  thickness  -  0.00041  h. 
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TABLE  A-47.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  MOLY-50. 


TiA 

No.*-*'* 

Cyela 

No. 

Running 
Torqua 
(in.-lb,  CW 
Diraulion) 

Tarqua  On  Nut  (ia.-{fe) 

Bnakaway 

Terqua 

(in.-lb) 

Running 

T»rqut 

(in.-lb, 

CCW 

Diraciion) 

Belt  iNd  (lb) 

2,500 

8,000 

7,500 

10.GO0 

^ . . 

12,500 

15,900 

17,500 

20,000 

47 

1 

41 

82 

160 

230 

310 

395 

480 

600 

700 

435 

41 

250 

625 

245 

600 

240 

600 

31 

87 

140 

195 

240 

315 

395 

490 

590 

303 

35 

6 

250 

600 

7 

250 

575 

8 

245 

585 

0 

245 

685 

.10 

32 

84 

132 

190 

245 

315 

400 

490 

560 

310 

34 

11 

230 

590 

12 

240 

575 

13 

230 

555 

14 

225 

560 

15 

32 

77 

124 

180 

235 

305 

380 

475 

670 

265 

29 

a  Nui  tuppliod  with  wax  lubricant  (Carbowax  (^olyathylana  Glyool  3350)  appliad. 


b  PsI-Pro  Incorporatad  Moly-50  lubricant  It  a  pattc  containing  50%  mctybdanum  tteullida  and  50%  patrotatum  (omiulatad  lo  maat 
MIL-T -43483.  Tha  Mcty-SO  lubricant  was  applied  to  tba  threads  cl  the  bolt  and  nuL 

c  NASi30e-l0  bolt:  Avaraga  shanK  diarrwtar  -  0.4067  ki.,  average  coating  thicitnaaa -  0.00031  In. 

47FLW-820  nut.  Average  coating  thickness  -  0.00037  In. 


■ 


TABLE  A-48.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  rVD  ALUMINUM- 
COATED  NUr  LUBRICATED  WITH  FEL-PRO  INCORPORATED  MOLY-50. 


Tail 

No 

RQI 

Running 
Terqua 
(In.-lb.  CW 
Dire  ion] 

Torque  On  Nut  (In.-lb) 

Bolt  Load  (lb) 

2,600 

6,000 

7,500 

10,000 

12,600 

15,000 

17,600 

20,000 

48 

118 

210 

300 

375 

460 

550 

650 

750 

875 

395 

875 

mm 

370 

850 

H 

355 

825 

H 

51 

124 

195 

295 

375 

480 

525 

600 

750 

6 

330 

775 

n 

320 

760 

H 

310 

750 

305 

725 

10 

36 

98 

155 

240 

325 

435 

540 

650 

725 

11 

315 

750 

12 

305 

775 

13 

300 

725 

14 

295 

750 

15 

32 

91 

155 

230 

313 

415 

525 

650 

725 

Breakaway 

Torqui 

(in.-lb) 


Running 

Torque 

(in.-lb, 

CCW 

Diriclion) 


475 


48 


440  34 


420  » 


a  Nut  dW  not  have  wax  lubricant  (Carbowax  Polyethytana  Gtycot  3350)  applied. 

b  Fel-Pro  Incorporated  Moly-50  lubricant  is  a  paste  containing  50%  molytxienuin  dbuffida  and  50%  peltotaluin  tormutalad  to  meal 
MIL-T-63483  The  Moly-50  lubricani  was  applied  lo  Uia  thrt  ids  of  tha  bolt  and  nul 

c  NASi 308-10  bolt:  Average  shank  diameter -0  4090  In  .average  coaSr.g  thickness -0.00056  In. 

47F-l.W-e20  nut:  Average  coating  thickness  -  0.00052  bi. 
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TABLE  A-^g.  TORQUETENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  MOLY-50. 


T»st 

No.'*-' 

CycU 

No. 

Running 
Torqui 
(in.-lb,  CW 
DiraeSian) 

Torqua  On  Nut  (In.-lb) 

Brtakaway 

Torqui 

(IB.-Ib) 

Running 

Torqui 

(In.-lb. 

CCW 

Dinelion) 

BoHLMd  (lb) 

2,600 

5.000 

7,508 

18,600 

12,500 

15,000 

17,500 

28,000 

49 

n 

66 

155 

220 

295 

360 

425 

520 

625 

700 

425 

78 

355 

750 

325 

725 

mm 

325 

725 

43 

115 

160 

220 

290 

375 

460 

565 

675 

370 

41 

290 

700 

265 

650 

mM 

260 

650 

9 

265 

650 

10 

27 

61 

138 

IBS 

270 

335 

420 

525 

650 

360 

28 

11 

255 

650 

12 

250 

625 

13 

250 

650 

14 

250 

650 

LiL 

23 

71 

122 

185 

250 

340 

415 

530 

650 

335 

26 

•  Nut  ciid  not  hava  wax  lubricant  (Cvbowax  Pof^ethytarM  Glyooi  3350]  appliad. 

b  Fal-F  j  'ncorporatad  Moly-50  lubricant  ic  a  pacta  containing  50%  molybdanum  daulfda  and  S0%  patrotatum  tormulaiad  to  maat 
iJIIL-T-e3463.  The  Moly-SO  lubricant  wac  applied  to  t^■a  thraadc  of  the  bolt  and  nut 

c  KIASt  308-10  bolt:  Average  thank  diamalar  -  0.4090  In.,  aueraga  ooabng  thicknaaa  -  0.00043  In. 

ATFLlA'-eZO  nut:  Average  coating  thickness  -  0.00053  in. 


TABLE  A-50.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  MOLY-5C. 


Tati 

Ruhning 
Tsrquo 
(in.-lb,  CW 
Dindlon) 

Torqui  On  Nut  (In.-ib) 

Bnikriny 

Torqui 

(in.-lb) 

Running 

Torqui 

(In.-lb, 

CCW 

Dinction) 

Cycle 

No. 

Bolt  lud  (lb) 

2.500 

5,000 

12,500 

15,000 

17,600 

20,000 

50 

1 

102 

180 

255 

315 

395 

475 

545 

650 

750 

83 

355 

750 

320 

700 

4 

300 

650 

43 

113 

165 

240 

310 

395 

500 

650 

700 

46 

275 

725 

270 

67-5 

265 

650 

245 

600 

10 

34 

S3 

135 

180 

240 

305 

400 

435 

580 

315 

36 

11 

230 

570 

12 

240 

575 

13 

235 

595 

14 

235 

575 

15 

31 

86 

142 

175 

235 

305 

395 

455 

565 

290 

32 

a  Nul  dkl  not  have  wax  lubricant  (Carbowax  Polyethytena  Glycol  3350)  applied. 

b  Pel-Pro  Incorporalad  Moly-50  ktbricanl  is  a  pasta  containing  50%  inolytdanum  ditulfida  and  50%  petrolatum  tormuialed  to  meal 
WIL-T-83483.  The  Moly-50  lubricant  was  applied  to  the  threacte  ot  the  bolt  and  nut 

e  NAS130S-10  bolt.  .Average  Shank  diameter -0.4998  In  .  average  coating  thicknesii -0.00052  in. 

47FLW-820  nut:  Average  coating  thteknas-s  -  0.00051  to. 
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TADLE  A-51.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  ROYAL  LUBRICANTS  COMPANY,  INC.  ROYCO  SIMS. 


Tilt 

Cycle 

No. 

Running 
Terqui 
(in.-lb,  CW 
Direction) 

Terque  On  Nui  (bi.-lb) 

Sreaiaway 

Torgue 

(In.-lb) 

Running 

Torgue 

(in.-lb, 

CCW 

Direction) 

•ellLud(lb) 

2,500 

5,000 

7,B0Q 

10,000 

12,500 

15,000 

17,500 

20,000 

51 

81 

170 

235 

315 

415 

510 

825 

726 

825 

525 

77 

470 

1,075 

875 

850 

1J50 

S 

135 

??5 

33L‘ 

445 

SS5 

750 

BOO 

1,100 

1,325 

1,050 

135 

6 

575 

1,275 

7 

550 

8 

480 

1,075 

8 

390 

075 

•  10 

00 

ITS 

245 

325 

420 

540 

700 

800 

050 

650 

110 

11 

380 

050 

12 

380 

025 

13 

370 

025 

14 

405 

025 

15 

85 

160 

240 

325 

425 

560 

700 

825 

850 

675 

00 

t  Nut  auppliod  with  wax  lubocani  (Carbowax  Polysthylana  Glyool  33S0]  appliad. 

b  Royal  Lubricanls  Company,  Inc.  Royco  61  MS  lubricant  ti  a  mixtura  basically  50%  molytxtenum  diaulllda  and  50%  allioorw  oM 
formulated  to  meet  MIL-L-25681 .  The  Royco  61MS  lubricant  was  applied  to  ttta  Vtteada  ol  the  bolt  and  nut. 
c  NAS1 506-10  bolt:  Averaoe  shank  diametar-0.40e7  in.,  average  coating  thicknesa-0  00054  In. 

47FLW-620  nut:  Average  coating  thicknesc  -  0.00041  In. 


TABLE  A-52.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  ROYAL  LUBRICANTS  COMPANY,  INC.  ROYCO  81  MS. 


Test 

Cycle 

No. 

Running 
Torgut 
(in.-lb,  CW 
Direction) 

Torque  On  Nut  (in.-lb) 

Breekswiy 

Torque 

(in.-lb) 

Running 

Torque 

(in.-lb. 

CCW 

Direction) 

Son  Load  (lb) 

2,500 

5,000 

7,500 

10.000 

12,500 

15,000 

17,500 

20,000 

52 

1 

55 

125 

210 

305 

405 

525 

700 

800 

925 

775 

55 

540 

1.300 

565 

1,200 

625 

1,275 

80 

195 

330 

475 

625 

750 

950 

1.150 

1.375 

1.200 

85 

525 

1.250 

460 

1,025 

415 

975 

370 

900 

10 

35 

115 

215 

295 

395 

470 

580 

750 

675 

650 

40 

11 

340 

925 

12 

350 

925 

13 

335 

SOO 

14 

345 

875 

15 

J 

45 

120 

mj 

293 

375 

470 

585 

750 

900 

650 

55 

a  Nut  supplied  with  wax  lubricant  (Carbowax  Polyethylene  Glyool  3350)  ipf-lied. 

b  Royal  Lubricants  Company.  Irx.  Royco  81  MS  lubricant  Is  a  mixture  basically  50%  ino^bdenum  disulMe  and  ‘10%  stiioone  ol 
(ormulated  to  moel  MIL-L-25681 .  The  Royco  81MS  lubricaniwas  applic»d  to  the  threads  ol  tie  boh  and  nut. 
c  NAS1306-10  boll:  Average  shank  diameter  -  0  4068  kt  ,  average  coabng  thickness -0.00040  in. 

47FLW-820  nut;  Average  coating  thickness  -  0.00040  in. 
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TABLE  A-53.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  ROYAL  LUBRICANTS  COMPANY.  INC.  ROYCO  81  MS. 


Tail 

No.*'* 

Cyelt 

No. 

Running 
Torqui 
(In.-lb,  CW 
Dirortion) 

Torquo  Cn  Nut  (la.-lb) 

Brtakawav 

Torque 

(in.-lb) 

Running 

Torque 

(!n.^b, 

ccw 

Oinclion) 

■oltLoad  (lb) 

2,500 

5,000 

7,503 

10,000 

12,500 

15,000 

17,500 

20,000 

53 

1 

50 

135 

240 

335 

465 

600 

725 

BOO 

»25 

750 

45 

mm 

510 

1,150 

575 

1.250 

625 

1,350 

7S 

200 

340 

475 

625 

800 

1,025 

1,225 

1,450 

1,226 

70 

mm 

550 

1,350 

n 

510 

1,275 

■9 

480 

1,150 

0 

420 

1,025 

10 

45 

105 

155 

280 

385 

515 

675 

800 

025 

700 

40 

11 

350 

650 

12 

345 

000 

13 

315 

875 

14 

315 

875 

15 

35 

05 

180 

300 

415 

540 

625 

750 

B50 

575 

40 

a  Nul  (upplied  with  wax  lubnca.m  (Carbowax  Polyethyiana  Glyool  3350}  appllad. 

b  Royal  Lubricants  Corr^ny,  Irtc.  Roycc  61  MS'lubrIcanI  Is  a  mixtura  basically  50%  motybdanum  dlauffida  and  50%  ailioona  oH 
(cmiulalad  to  nrwet  MIL.L-2S681 .  Tha  Royoo  eiMS  lubricant  was  appliad  to  the  threads  ol  the  boH  ar^  nul. 
c  NASI  306-10  bolt:  Avara^  shank  diameter -0.4067  k).,  average  ooBtjng  thicknaas- 0.COO42  In. 

47FLW-620  nut:  Avaiaga  coating  thickness  -  0.00040  In. 


TABLE  A-54.  TOROUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 

COATED  NUT  LUBRICATED  WITH  ROYAL  LUBRICANTS  COMPANY,  INC.  ROYCO  81  MS. 


Toil 

No,*‘* 

Cycit 

Nc. 

Running 
Torquo 
(In.-lb,  CW 
DIroction) 

Torquo  On  Nut  (In. -lb) 

Bnikaway 

Torqui 

(In.-lb) 

Running 

Torqui 

(In.-lb. 

CCW 

DIroction) 

BoR  Load  (lb) 

2, SCO 

S.ODC 

10,000 

12,500 

15,000 

17,500 

20,000 

54 

1 

160 

290 

405 

535 

850 

1,025 

1,175 

875 

200 

1.225 

1,400 

1,575 

55 

200 

300 

525 

725 

900 

1,125 

1.350 

1,425 

1,100 

55 

6 

650 

1,300 

mm 

600 

1,200 

H 

1,150 

4  4  Ar 

y 

10 

38 

131 

220 

320 

440 

600 

825 

050 

1 1 1 

1,025 

725 

40 

11 

455 

1,100 

12 

490 

1,150 

13 

435 

1,175 

14 

450 

iMVl 

15 

38 

140 

230 

350 

485 

650 

B25 

050 

liyj 

825 

a  Nut  had  wax  lubricant  (Cartwwax  Potyolhylene  Glyool  3350)  applied. 

b  Royal  Lubricants  Coti^rany,  Inc.  Royoo  81  MS  lubricani  Is  a  mixtura  basically  50%  molybdanum  diautVJe  and  SC%  sUicone  o6 
fcirmulaied  to  meet  M I L-L-25681.  The  Royoo  81MS  lubricant  was  applied  to  the  threads  ol  fie  boll  and  nul. 
c  NAS  1306- 10  bolt:  Average  shank  diarrwtor- 0.4067  In  ,  tvarage  coating  Ihicknass- 0.00041  In. 

47FLW-620  nut:  Average  coating  thickness -0.00050  ki. 
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TABLE  A-55.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  DOLT  AND  IVD  ALUMINUM- 

COATED  NUT  LUBRICATED  WITH  ROYAL  LUBRICANTS  COMPANY,  INC.  ROYCO  81MS. 


rest 

Wo.M.t 

Cyeli 

No. 

Runninii 
Toniui 
(in.-lb,  CW 
Dindicn) 

Ttwi  Or  Hut  (hi.-Hi) 

IbHLMd  (tbi 

2.500 

S.DDO 

19.800 

12.500 

16.800 

17.500 

28,800 

55 

1 

185 

335 

500 

650 

775 

950 

1,100 

1,275 

1,450 

r/5 

1,475 

€00 

1A50 

560 

1.350 

40 

170 

290 

380 

495 

650 

825 

1.050 

U50 

6 

520 

1,200 

7 

480 

1,200 

8 

505 

1,200 

9 

435 

1,075 

10 

30 

125 

200 

295 

400 

500 

725 

875 

1,025 

11 

435 

975 

12 

42S 

925 

13 

440 

975 

14 

395 

875 

15 

30 

145 

230 

320 

400 

490 

595 

725 

900 

Brukawsy 

Tttrqua 

(in.-lb) 

Running 

Ttrqui 

(IB.-Ib, 

ccw 

Olraction) 

uso 

165 

1,025 

45 

750 

30 

625 

25 

s  Nut  had  wax  tubrlc^ant  (Carbowox  Potyathytarla  Glyool  3350)  applied. 

b  Royal  Lubricants  Company,  Irtc.  Royco  biMS  lubricant  Is  a  mixiura  basicalty  50%  molybcJanum  dbu'rfida  and  SO%afiioofi*  oM 
(ormulatad  lo  rtiMl  MlL-L-25681 .  Tha  Royco  3tMS  lubricant  was  applied  to  Ihs  CrraacU  o<  tia  bolt  and  iim. 
c  NAStaoe-tO  boil  Avorape  shank  diamaiar-OaSMO  in.,  avara^ooalingthicknasa” 0.00050  In. 

47FLW-a20  nut.  Average  coating  thickness  -  0.00045  in. 


TABLE  A-56.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 

COATED  NUT  LUBRICATED  WITH  ROYAL  LUBRICANTS  COMPANY,  INC.  ROYCO  81  MS. 


T«t( 

Cycli 

No. 

Running 
Tortiun 
(In.-lb.  CW 
Diriction] 

TtrQUt  On  Nut  (in. -18) 

Bnikaway 

Terqua 

(in.-lb) 

Running 
Torque 
(in, -lb, 
CCW 

DIriclion) 

Bon  L9I(!  (lb) 

12,500 

15,000 

17,M0 

20,000 

56 

1 

95 

205 

295 

375 

475 

670 

700 

850 

050 

750 

155 

525 

1,100 

600 

1,300 

600 

1.350 

S 

27 

165 

305 

475 

545 

675 

850 

1,050 

1,325 

1,050 

35 

6 

530 

1,200 

? 

565 

1,200 

mm 

560 

1,175 

n 

510 

1,100 

10 

20 

120 

230 

375 

465 

545 

675 

000 

950 

700 

25 

11 

415 

950 

12 

420 

925 

13 

410 

875 

14 

420 

900 

15 

20 

110 

210 

310 

455 

510 

600 

725 

850 

550 

20 

a  Nut  had  wax  lubneani  (Carbewax  Polyetl'iytene  Glycol  3350}  applied. 

b  Royal  Lubricants  Company,  Inc.  Royco  8t  MS  lubricani  is  a  mixlure  tasically  5C%  moVtxtorium  disult'io  arid  50%  Sillcona  oC 
formulated  to  meel  MIL-L-250St.  Tna  Royoo  81  MS  hibrkcant  was  apoHodlo  the  tiroaus  of  Ihe  botl  and  nut. 
c  NAS  1306-10  bolt;  Averatjo  ahank  diameter  -  0.4667  in.,  averago  ooiHng  thickinrss  -  0.00048  In. 

47FLW-a20  nui;  Average  coatng  tliickness  -  0.00046  in. 
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TABLE  A-,W.  TORQUE-^TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  GRAPHITE  PRODUCTS  COMPANY  GP-AOO. 


■  Nut  lupplied  with  wax  Kibricanl  (Carbowax  Polyothylens  Glycol  )3S0)  apf)U«d. 

b  Graphita  Products  Company  GP-400  lubrlcani  Is  a  paste  conlalnlrtg  approximately  50^4  molybdenum  dlsutfide,  5%  graphite,  arrd 
40V«  mineral  oil  with  a  eoap  base  thtckerwr.  The  GP-400  lubricant  was  applied  to  the  threads  of  tie  boh  and  nut. 

C  NAS1306-10  bolt.  Average  shank  dlarrNlar  -  0.4967  In.,  average  coating  thichneu -0.00032  In. 

47KLW-e20  nut:  Average  coating  thickness  -  0.00043  in. 


TABLE  A-58.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  iVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  GRAPHITE  PRODUCTS  COMPANY  GP-400. 


a  Nut  had  wnx  lubricant  (Carbowax  Polyeltiytens  Ciyool  3350)  applied. 

b  Graphite  Products  Company  GP-400  iubiicanl  is  a  paste  coTilaining  approximately  50%  tnoiybderium  ditruinde,  9%  graphita.  arsd 
40%  mineral  oil  with  a  soap  base  thickener.  The  GP-400  lubricant  was  applied  to  the  threads  o(  tie  boh  and  nut. 
c  NAS1306-10  boll:  Average  shank  diameter -0  4986  in.. -veiage  coaling  thicknass -0  00034  Ir. 

47FLW'.e20  nul:  Avarago  coating  thickness  -  0.00046  h. 
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TABLE  A-5S.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITN  GRAPHITE  PRODUCTS  COMPANY  QP-401. 


TtH 

Mo*'*'* 

Cycle 

No. 

Running 
Tcrque 
(in.-lb,  CW 
Diredicn) 

Terqui  On  Nut  {in.-tt) 

Breabway 

Torqua 

(in.-lb) 

Running 

Torque 

(in.-lb, 

CCW 

Direction) 

Bolt  Lend  (ID) 

2,500 

5,000 

7,500 

10,600 

12,500 

15,000 

17,500 

20,000 

59 

1 

75 

136 

210 

300 

400 

535 

700 

800 

850 

725 

205 

750 

1 

1 

265 

775 

SO 

110 

170 

230 

310 

420 

530 

675 

800 

570 

45 

6 

300 

800 

mm 

200 

775 

n 

285 

800 

n 

290 

CDO 

10 

30 

00 

145 

210 

290 

330 

490 

625 

800 

550 

35 

11 

275 

800 

12 

275 

775 

13 

270 

775 

14 

265 

775 

15 

30 

05 

145 

205 

275 

360 

455 

680 

750 

485 

35 

■  Nut  MJppllod  with  wttx  lubricAnl  {Ctibcmuc  Poly«thyl«n«  Gl/col  3350)  applwd. 

ta  Graphita  Producti  Company  GP-401  lubricant  k  a  pasta  containing  approximately  S0%  molybdenurn  dauilUe,  5%  (^apNta,  and 
40%  mineral  oil  with  a  nori  soap  base  thickener.  The  GP-40t  lubricant  was  applied  to  the  threedk  or  r«  bolt  and  nut. 
c  NAS1 306-10  bolt:  Average  shank  diameter -0  4966  In.,  8v«rage  coating  lhicknew-O.OOC32  In. 

47PLW-820  nut.  Average  coating  thickness  -  0.00039  in. 


TABLE  A-€0.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  GRAPHITE  PRODUCTS  COMPANY  GP-401. 


Tcet 

Ns»‘« 

Cycle 

No. 

Running 
Torque 
(in.-lb,  CW 
Direction) 

Torque  On  Nut  (In.-tD) 

Breabway 

Torque 

(IR.-Ib) 

Running 

Torque 

(In.-lb. 

CCW 

Direction) 

Bolt  Load  (lb) 

2,500 

6,000 

7,500 

10,000 

12,500 

15,000 

17,500 

20,000 

60 

115 

170 

260 

365 

480 

600 

725 

875 

1,025 

825 

110 

395 

950 

360 

925 

330 

900 

35 

rm 

160 

230 

310 

415 

535 

675 

825 

575 

40 

235 

825 

290 

825 

280 

800 

275 

825 

10 

30 

75 

135 

200 

270 

360 

380 

675 

825 

545 

30 

11 

260 

775 

12 

270 

800 

13 

276 

775 

14 

255 

750 

15 

20 

70 

125 

185 

265 

360 

360 

650 

JIL. 

450 

25 

a  Nut  had  wax  Wibrkanl  |Cait>owax  Potyethyleiie  Glycol  3350}  applied. 

b  Graphite  Products  Cornpany  GP-401  lubricant  is  a  paste  OM'italning  approximately  50%  molybdenum  disulfide,  5%  graphiie.  and 
40%  mineral  oil  xvlth  a  r>ori  soap  beae  thickerwr.  The  GP-401  bibilcant  was  applied  lo  the  Ihreada  of  t>e  bolt  and  nut. 
c  NAS1306-10  bolt:  Average  shank  diameter -0.4987  In.,  average  coating  thicknesa -0.00035  hn. 

47FLW-e20  rvut:  Average  coating  thickness  -  0  00040  Ni. 
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TABLE  A-61.  TORQUlr.  TiiuaSJOM  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUi^RiCATED  WrTH  QRAPHfTE  PRODUCTS  COMPANY  QP-460. 


Tost 

No‘'L» 

Cydi 

Nt. 

Runnlhii 

Ttrqut  Or  Nut  (Ir.-B) 

BraataHiRy 

Tiniua 

(iR.-e)) 

- 1 

Runnine 

Tarqui 

(in.4b, 

CCW 

Dlradlon) 

Ttn9U4 
(in.-lb,  iCW 
Diri.<dlion) 

•6HL66d(U)) 

2,600 

6,000 

7,600 

1S.00D 

12,500 

16,000 

17,600 

20,000 

61 

1 

45 

05 

160 

245 

355 

465 

670 

650 

750 

465 

35 

2 

315 

700 

3 

245 

625 

4 

250 

625 

S 

30 

85 

135 

100 

265 

355 

445 

550 

650 

375 

30 

6 

255 

650 

7 

270 

675 

a 

285 

700 

s 

270 

700 

10 

40 

05 

140 

200 

275 

385 

480 

585 

700 

410 

40 

11 

265 

650 

12 

260 

650 

13 

270 

650 

14 

255 

650 

IS 

40 

00 

135 

100 

260 

350 

455 

565 

700 

395 

40 

«  Nut  aupplisd  with  wax  lubricant  (Carbowax  Pciyathy^t  Glycol  3350)  applied. 

b  Graphite  Products  Coirrpany  GP-aeo  lubricant  Is  a  pasta  ooniaining  50%  aynthatc  (^aphita  and  50%  pairolatum  kxmulatad  to 
ntMt  MII.'T-5!>44.  Tha  GP-450  kibricani  was  appiwd  to  tta  Kuaads  of  Jha  bolt  and  nut. 

e  NAS130a-10  boh:  Avaraga  shank  dlameiar  -  0  40U  In.,  a^xaraga  ooaKng  thioltnaaa- 0.00036  In. 

47FLW-a20  rtul:  As«ragt  ooatng  thicknaas  -  0.00036  kt. 


TASLE  A-62.  TOROUETENSION  DATA  FOR  tVD  ALUMINUM-COATED  BOLT  AND  IVD-ALUMINUM 
COATED  KUTI  LUBRICATED  WITH  GRAPHITE  PRODUirrS  COMPANY  GP-460. 


Tist 

Cycle 

No. 

Running 
Tortius 
(In.-lb,  CV; 
Dirsdion) 

Tsniui  On  Nut  illR.4fa)* 

Bi'sakiway 

Torgua 

(ln.>U)) 

Running 

Tnrqun 

(in.-lib, 

CCW 

Diridion) 

BollLeid(lb) 

2,500 

5,000 

7,500 

10,000 

12,500 

15,000 

17,500 

20,000 

82 

1 

125 

205 

205 

380 

485 

600 

700 

600 

925 

700 

120 

2 

420 

850 

3 

375 

800 

4 

315 

750 

S 

45 

110 

IBS 

235 

315 

410 

505 

650 

750 

480 

50 

6 

310 

750 

7 

300 

750 

8 

285 

750 

fi 

280 

775 

10 

40 

105 

160 

£30 

305 

405 

515 

675 

825 

645 

SO 

11 

300 

825 

12 

285 

750 

13 

270 

1 

750 

14 

265 

750 

_ 

15 

35 

100 

155 

215 

295 

Li^ 

505 

650 

750 

1  4E5 

40 

a  Nut  suppliud  with  wax  lubftcani  (Carbowax  Potyathytono  Ghycsil  3350)  «4>pliod. 

b  Grapitlla  products  contpany  GP-450  lubricani  Is  a  pastn  containing  50%  synstatic  graphite  and  50%  palrolakjm 
tonnulaled  to  rr/wt  MlL-T-5544.  Tha  GP-460  kibricunt  was  appSad  to  a*  Cvewds  of  tha  bf^lt  and  not 
c  NAS13C18-10  boh:  Avorage  shar\k  diametor  -  0.4SJ6S  In  .  swerega  awfing  ihicknws  -  0  C»036  kt. 
aTPLW-^ZO  nut:  Avaraga  coating  thicKnass  -  0.(XI045  kt. 


TABLE  A-63.  TORQUE-TENStON  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  jJU  CORPORATION  CP-28. 


Tati 

No.'A* 

CycN 

No. 

Riiwiing 
TarQUO 
(In.-tl,  CW 
Oiradlon) 

Ttnua0aNut(bi.-tt)< 

Braikaway 

Tarqui 

(li.-tb) 

Runnins 

Tarqui 

(lii.-IO. 

CCW 

Diradlan) 

8o9Laa4  (lb) 

2.b&8 

5.000 

7.606 

li.eofi 

12, UO 

15,100 

17,600 

20,600 

£3 

1 

70 

125 

200 

205 

405 

520 

•00 

850 

700 

60 

325 

•25 

30S 

son 

300 

•00 

105 

170 

240 

315 

426 

655 

725 

•50 

600 

50 

205 

•00 

280 

eoo 

.■9 

280 

800 

fi 

275 

775 

10 

40 

85 

160 

235 

315 

415 

msm 

575 

•00 

560 

45 

11 

290 

775 

12 

280 

775 

13 

235 

775 

14 

280 

760 

Ji- 

3S 

00 

145 

210 

235 

380 

480 

650 

775 

480 

40 

a  Nut  auppliod  witli  wax  kibricaiil  (Carbowax  Potyathylana  Gtyool  33&0)  appliad. 

b  E/M  oorporaiion  CP-26  kjbncani  U  n  pasta  oonuining  00%  mot/bdatium  diauHUa,  wi  arjtnie  barium  nompound.  mlnaral  o6, 
and  litlilum  greasa.  I'ha  CP-2a  lubricant  waa  apptlad  to  lha  iriraadt  ol  ttw  bolt  and  nul 

c  NAS  1300-10  bolt:  Avaiaga  ahank  diantaiar -0.40K  In.,  avaraga  coaling  leiicitfXMa -O.OOCVU  In. 

47FLW-820  nut:  A¥W(aga  ooaling  tfuckmaw  -  0.00037  In. 


TABLE  A-64.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  fVD-ALUMINUM 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  CP-28. 


Till 

No'*,* 

Cycia 

No. 

Running 

Torqua 

(ln.-Eb,CW 

Dlrtdion) 

Tarqui  On  Nutlin.-Oi)* 

Bnikawiy 

Terqui 

(In.-lb) 

Running 

Torque 

(In.'lb, 

CCW 

Oindion) 

loll  Lead  (lb) 

1 

2,60D 

6,080 

7.600 

16,000 

12,500 

15,000 

17,560 

26,000 

64 

1 

130 

280 

380 

500 

650 

800 

825 

1,050 

mi 

825 

110 

450 

1,025 

455 

1,000 

410 

975 

s 

40 

135 

215 

300 

395 

w  w 

r^c 

•  AA 

9W 

Ar  A 

SOU 

650 

45 

6 

375 

950 

n 

850 

WM 

380 

850 

825 

10 

35 

115 

180 

285 

375 

505 

675 

800 

925 

650 

40 

11 

800 

12 

360 

900 

13 

T55 

876 

14 

.  1 

850 

15 

30 

no 

180 

255 

475 

625 

750 

•50 

550 

30 

a  Nut  tuppiiod  with  wax  lubflcifil  (Cartvawax  Polynlhyiona  Glyool  -  appliad. 

b  &V  corporation  CP-26  kibticanl  Is  a  pa.'ila  crx^Ulnii^  6C%  molytxiwnum  dtsurilda,  an  organic  barium  compound,  rrvtaral  d, 
a/id  lithium  graasa.  Tna  CP-26  kjbricanl  woe  appjiod  to  6ia  Ihraads  of  lha  boll  and  nuL 

c  NAS1308'10  bolt.  Averayn  shank  dianwtor  0.43&9  kt  ,  awragw  ooaling  D'tlcKnaas -0.00034  In. 

47FLW-a20  nut.  Average  coating  Ihckness  -  0.00043  ki. 
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TABLE  A-65.  TORQUE-TENSION  DATA  FOR  IVD  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  E/M  CORPORATION  CP-29. 


Tan 

No.*'*'* 

Cycli 

No. 

Running 
Torque 
(in.-lb.  CW 
Dindion) 

Torqui  On  Nut(lB.-a)) 

Breakaway 

Torqui 

(In.-lb) 

Runnino 

Torqui 

(in.-tb, 

CCW 

Dindlon) 

Roll  Load  (tb) 

2,500 

6,000 

7,MD 

1Q.C0D 

12,500 

15,000 

17,600 

20,000 

es 

1 

50 

170 

245 

315 

390 

470 

£50 

650 

750 

430 

45 

2 

415 

900 

3 

400 

875 

4 

370 

850 

& 

30 

150 

210 

285 

365 

450 

555 

700 

850 

535 

30 

6 

350 

850 

7 

350 

850 

8 

360 

850 

0 

335 

825 

10 

35 

146 

260 

3B5 

360 

425 

550 

700 

850 

540 

35 

11 

340 

850 

12 

355 

650 

13 

330 

14 

325 

B1 

15 

40 

125 

200 

260 

335 

415 

520 

6S0 

mm 

515 

35 

■  Nul  aupplwd  with  wax  lubricani  (Carbowax  P,ol/athylan«  Glycol  3350)  appUod. 

b  Cofporallon  CP-2S)  lubncant  Is  a  corr^x  mixtura  containing  molybdenum  dlsutMe.  Ibtely  dWided  cupper  metal  panidas, 
aaica,  and  mineral  oil.  The  CP-20  lubricani  was  applied  lo  the  threads  ol  the  boil  and  nuL 

c  NAS  1306-10  bolt:  Average  shank  diamsier- 0.4085  In.,  average  coating  thickneas -O.OW31  In. 

47FLW-820  nul.  Average  coating  thicknesa  -  0  00043  In. 


TABLE  A-6S.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  DOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WrfH  E/M  CORPORATION  CP-29. 


Tad 

No.*'*.* 

Cycli 

No. 

Running 
Torqui 
(in.-lb,  CW 
Dlrvdlnn) 

Torqui  On  Nul  (in.-lb) 

Bnakawi)f 

Torqui 

(in.-lb) 

Running 

Torqui 

(in.-lb, 

ClfW 

Dindion) 

Son  Load  (lb) 

2,500 

7,600 

10,008 

12,500 

15,000 

66 

1 

75 

210 

370 

480 

625 

775 

925 

1,200 

925 

76 

650 

1,300 

600 

1,025 

470 

975 

35 

160 

260 

350 

445 

535 

675 

950 

650 

30 

445 

1,000 

410 

975 

^$5 

925 

390 

925 

10 

165 

270 

390 

540 

500 

625 

900 

580 

30 

11 

350 

825 

12 

365 

650 

13 

370 

875 

14 

365 

850 

15 

30 

150 

265 

380 

500 

625 

750 

850 

1,000 

675 

30 

a  Nut  had  wax  lubricani  (Carbowax  Polyelbylene  Glyooi  3350)  applied. 

h  E/M  Corporalior  CP-29  lubricani  is  a  cxsniplex  mixture  containing  molybdenum  disulWe,  Ineiy  .■'Mted  copper  metal  parliclea, 
elica,  and  mineral  oil  The  CP-29  lubricani  was  applied  lo  the  threads  of  the  boh  and  nut. 

C  NASI  308-10  bolt:  Average  shank  diameter  -  0.4085  in  ,  avaiage  rxiatirig  thickness -0.0003b  in. 

47FLW-020  nul:  Average  eoalinfl  thickness  -  0.00045  In, 
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TABLE  A-67.  TORQUE-TENSION  DATA  RDR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITK  E/M  CORPORATION  CP-42. 


Tilt 

No 

Cyela 

No. 

Rininlng 

Ttrquo 

(ln.-lb,CW 

Olraction) 

Yon|uoO«Nut(lii.4k) 

Bnakiwiy 

Terqui 

(iB.-lb) 

Running 

Tortiut 

(In.-tt, 

CCW 

DIrtction) 

loRLoaim 

2,600 

6,000 

7,600 

10,000 

12,600 

16,000 

17,600 

20,000 

67 

1 

85 

ISO 

220 

310 

410 

525 

675 

775 

900 

600 

75 

mm 

430 

1 

390 

18:9 

n 

395 

65 

130 

210 

290 

395 

630 

725 

900 

1,100 

825 

70 

375 

1,050 

350 

1,000 

! 

8 

330 

975 

9 

310 

025 

10 

40 

105 

170 

235 

330 

455 

650 

800 

950 

650 

45 

1 

11 

i 

330 

925 

12 

330 

950 

13 

345 

950 

14 

340 

925 

15 

35 

110 

180 

260 

340 

445 

675 

775 

950 

650 

35 

■  Nut  Buppliad  with  wtu  lubricant  (Cartowox  p'olyttthyl»n«  Glyool  3350)  apptod. 


b  E/M  Corporation  CP.42  lubricant  ki  a  pasta  with  a  tynthatic  polyalkytana  gtyoP^  baaa  containing  a  high  conoantratloti  ol 
molybdenum  diEuITtria.  The  CP-42  lubricant  was  applied  to  Ilia  tlvaeds  ot  Uta  boil  and  nut. 

c  NAS1308-10bolt.  Average  shank  dIameiar-O.asae  Iti.,  avaraga  coaling  tilcfaiaaa- 0.00031  In. 

47PLW'820  nut:  Avaraga  coaling  tMcknass  -  0.00040  hi. 


TABLE  A-68.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  V/ITH  E/M  CORPORATION  CP-42. 


Cycli 

No. 

Running 
Torqua 
(iii.-lb,  CW 
Olraction) 

Torqua  On  Nut  (in. -lb) 

Braakawa)/ 

Torqua 

(In.-lb) 

Running 

Torqua 

(in.-Ib, 

CCW 

Diracllon) 

Bolt  Load  (lb) 

2,500 

6,000 

7,501) 

10,000 

12,500 

20,000 

1 

100 

190 

295 

415 

555 

725 

875 

1,025 

1,225 

950 

00 

2 

450 

1,250 

3 

400 

1,150 

4 

375 

1,050 

5 

30 

110 

195 

235 

390 

525 

725 

925 

1,175 

90G 

20 

6 

350 

1,200 

f 

380 

1,150 

8 

3S5 

1.060 

9 

355 

30 

85 

165 

250 

345 

460 

625 

BOO 

075 

650 

20 

11 

335 

12 

350 

975 

13 

380 

975 

14 

350 

15 

20 

80 

155 

235 

330 

460 

600 

775 

540 

15 

a  Nut  had  wax  lubricant  (Carbowax  Polyathylene  Glycol  3350)  applied. 

b  EtA  Corporalion  CP-42  lubricant  is  a  paste  wKh  a  synthetic  polyalkytana  glycol  base  oonlalnlng  a  hij/i  ooocentration  ol 
molybdenum  disulTide.  The  CP''42  kibricani  was  applied  to  the  threads  ol  the  bolt  and  nut. 

c  NAS  1306- 10  boll.  Average  shank  diametar- 0.4906  In.,  iwiage  coating  ihickness- 0.00036  In. 

47FLW.e20  nut;  Average  coating  thickness  -  0.00047  In. 
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TABLE  A-BQ.  TORQUE-TENSiON  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  E/M  C0RP0RA110N  FORMKOTE  T-50. 


Teat 

(JO.'.M 

Cycle 

No. 

Running 
Terqui 
(In.-lb,  CW 
Oiredlon) 

Temue  On  Nul  (In.-lb) 

Bnebwtry 

Torque 

(in.-tb) 

Running 

Torque 

(In.-Jb, 

COW 

Direction) 

■oaiMd(tb) 

2.t>00 

5,OQO 

7,500 

18,000 

12,500 

15.0DD 

.  ..  . 

17,500 

20,000 

60 

1 

65 

ISO 

2QS 

385 

480 

585 

700 

wm 

875 

600 

85 

550 

■HI 

575 

875 

600 

250 

400 

560 

700 

800 

975 

750 

110 

6 

675 

7 

725 

■ 

8 

700 

■ 

726 

K  1 

340 

575 

725 

BOO 

975 

1.025 

1,100 

■  '  ^ 

850 

110 

750 

B  [  ^ 

750 

1,125 

H 

HHI 

775 

I 

t  Nui  supplied  with  wax  lubricant  (Carbowax  Polyethylene  Cityool  3350)  applied. 

b  EAit  Corpofailon  PonnknleT-SO  Is  a  dry  llm  lubricent  oontalninp  graphlla  auiipended  in  a  high  temperature  reein  binder.  Tbe 
Fomiliole  T-50  lubricant  was  applied  Is  the  ^i«i|dt  of  the  bolt  and  nut. 

C  NASI  300-10  bolt:  Average  shank  diameiet- 0.4006  in.,  average  plating  thicKneae  -  0.00030  In.,  average  plating  and  lubricant 
thickness -0.00047  In. 

47PLW-820  nut:  Average  plating  tfUckrreas  -  0.00044  In.,  average  plating  and  lubricant  lilokneBS  -  0.00076  in. 
d  Since  the  nut  was  startirig  to  bind  on  the  boh  due  to  leas  of  lubrication,  the  test  was  terminated. 


TABLE  A-70.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WTO  E/M  CORPORATION  FORMKOTE  T-50. 


Teel 

No.''‘'‘ 

Cycle 

No. 

Running 
Torque 
(in.-lb,  CW 
Direction) 

Torquo  On  Nut  (In.-lb) 

Breakawey 

Torque 

(In.-lb) 

Running 

Torque 

(in.-lb, 

CCW 

Direction] 

Boll  Loed  (lb) 

7,500 

10,COD 

12,500 

16,000 

17,600 

20,000 

70 

B 

90 

200 

315 

410 

510 

600 

700 

600 

725 

800 

625 

1,100" 

105 

a  Nut  suppled  with  wax  lufaricani  (Caiixma*  FoiywSiyWni*  Gfycui  3350)  apylteu. 

b  EiW  Corporation  Fonriioie  T-50  k  a  dry  film  kibricanl  containing  graphite  susponcted  ki  a  high  temperature  resin  binder.  Tho 
Forn-^te  T-50  lubricant  was  appilod  to  tho  trroads  of  the  boh  end  nut. 

c  NAS  1 308- 1 0  bolt:  Aver  age  ahnnk  diameter  -  0.4086  ki.,  averege  coaBng  ihicknees  -  0.00035  In.  average  ooeting  and  lubricant 
thickness  -  0.00044  In. 

47FLW-820  nut:  Average  coating  thickness  -  0.00045  kt. ,  Average  coaling  and  lubricant  ttricknesa  -0.00059  ki. 
d  Since  a  hugh  breakaway  lorttue  indKaled  tie  nut  was  eta/Ung  to  bind,  test  was  termlnaled. 
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TABLE  A-71.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLAI-ED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  E/M  CORPORATION  LUBRI-BOND  A. 


Tnt 

No.'-*' 

Cycia 

No. 

Running 
Ttntui 
(In.-lb,  CW 
Diraction) 

Ttn|UtD«Nu>(lii.-fe) 

Bnakiwiiy 

Ttrqut 

(la.-tti) 

Running 

Targua 

(in.-lb, 

CCW 

OlractlDn) 

B«ltLM<(lb) 

2,600 

6,000 

7,600 

18,000 

12,600 

15,008 

174N)D 

26,000 

71 

1 

ao 

225 

370 

SIS 

600 

675 

750 

850 

025 

650 

80 

2 

600 

1.U75 

3 

600 

•1,125 

4 

600 

1,100 

5 

50 

210 

3SS 

405 

650 

775 

825 

1.025 

1,150 

850 

55 

6 

500 

BOO 

7 

455 

B50 

8 

445 

025 

a 

410 

BOO 

.  10 

40 

12S 

220 

320 

425 

530 

650 

750 

825 

650 

35 

11 

455 

850 

12 

445 

850 

13 

455 

850 

14 

480 

875 

15 

40 

145 

250 

370 

510 

650 

750 

eoo 

BOO 

600 

40 

«  Nut  luppllad  wtth  wax  kJbrtcant  (Carbowax’Polyathytona  Glyool  3350)  appUad. 

b  E/M  Corporation  Lubrt-Sond  A  k  an  air  drying,  aolld  tUm  hjbricanl  containing  moiybdanum  dbuHtds  and  grapiilta  In  a  r*ain  birviar. 
Tha  Lubri-Bond  A  lubricant  wai  appliad  to  tha  thraads  oi  Pm  bolt  and  nut. 

c  NASt3O8-10  boh:  Avaraga  abank  diamatar -0.4967  in.,  avaraga  Qoaling  ttilchnaaa  -  0.00035  In., avaraga  shank  diamatar  with 
lubricant -0.4904  in  ,  tvaraga  plating  and  lubricant  tiirAnaaa- 0.00056  in. 

47FLW-620  nut:  Avaraga  coaling  thid  naea  -  0.00042  In.,  Avaraga  plating  nnd  lubricant  thicknaaa- 0.00129  In. 


TABLE  A-72.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITN  E/M  CORPORATION  LUBRI-BOND  A. 


Tail 

Cyela 

Na. 

Running 
Tarqui 
(in.-lb,  CW 
Oiracifon) 

Tarqua  On  Nut  (In.-lb) 

Braildmy 

Torqui 

(in.-lti) 

Running 

Torqua 

(In.-lb, 

CCW 

Dlnction) 

Boil  Laid  (lb) 

2,500 

6,000 

7,500 

10,000 

12,500 

15,000 

17,600 

20,000 

72 

1 

60 

190 

310 

410 

480 

570 

650 

775 

BOO 

600 

70 

2 

580 

1,050 

3 

6b0 

1,125 

4 

760 

1.275 

6 

33 

200 

380 

570 

800 

1,000 

1.150 

1,250 

1,476 

1,225 

285 

Nut  auppllad  wtth  wax  lubricant  (CartxMrax  Polyathyior>a  Glyool  3350)  appliad. 

.  E/M  Corporation  Lubri-Bond  A  la  an  air  drying,  aolid  Nm  lubricani  containing  moiybdanum  db^itfide  ar.i  graphllt  In  a  raain  bindor. 
Lubri-Borvd  A  lubricani  was  appliad  to  tia  ihraads  of  tha  bolt  and  nut. 
c  NAS1 306-10  bolt.  .A'.'c-rcgs  shank diamaWr  -  0.4966  in.,  avaraga  coating  thicknasa  -  0.00033  In.,  avaraga  thank  dlametar  wtth 
lubricant  -  0.4995  In.,  avaraga  coaling  and  lubricani  Ihlcktwaa  -  0  00066  ki. 

47FLW'620  nut.  Avaraga  coating  thicknass  -  0.00047  In. ,  Avaraga  coaling  and  lubrtcant  tMcknaaa  - 0.00 159  In. 
d  Slnoa  Increasing  torqiuas  impliatj  loaa  o(  lubrication,  last  was  larminaiad. 
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TABLE  A-73.  TOROUE-TENSiON  TEST  DATA  FOR  AN  IVD  ALUMINUM-COATED  BOLT  AND  IVD 
ALUMINUM-COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  CP-42. 


Tail 

No 

CycIt 

No. 

Running 

Ttrtiui 

(ln.-lb,CW 

Dlraetion) 

Targua  On  Nut  (in.-tt) 

SraaIcBway 

Tarqua 

(l*.46) 

Running  I 
Yarqua  j 
(ln.-lb, 
ccw 

Dinction) 

iaR  Laai  (lb) 

2,500 

5,000 

7,600 

10,000 

12,500 

15,000 

17,500 

20,000 

73 

1 

100 

190 

29S 

415 

555 

725 

875 

1,025 

1,225 

950 

90 

2 

450 

1,250 

3 

400 

1,150 

4 

375 

1,050 

5 

30 

lie 

105 

285 

390 

525 

725 

925 

1,175 

900 

20 

6 

350 

1^00 

7 

380 

1,150 

8 

385 

1,050 

0 

355 

1,000 

10 

30 

35 

16S 

250 

345 

480 

625 

800 

975 

650 

20 

11 

335 

1,000 

12 

350 

975 

13 

380 

975 

14 

350 

950 

IS 

20 

80 

155 

235 

330 

480 

60G 

775 

900 

540 

15 

•  Tha  lubncont  wiUi  tppliad  lo  th«  tbrsacks  of,lh«  boH  and  nut. 

b  E/M  Corporation  CP-42  lubricant  is  a  pasta  Whh  a  g/nthatic  potyatkyiane  glyoo!  fluid  baa*  containing  a  high  oonoaniration  of 
mofybdanum  (isulfld*. 

C  NA£130e-1 0  boK  Shvik  dtamalar  -  0.4967  hi.,  ooalitg  tNdinaas - 0.00035  In. 

47FLW-e20  nut:  coaling  thickrw**  -  0.00037  In. 


[  TABLE  A-74.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 

j  NUT  LUBRICATED  WITH  E/M  CORPORATION  CP-116. 

1 

I 


I 

-■laj 


a  Nut  auppliod  with  wax  lubricant  (Carbowax  Polyalhyiana  Glycol  3350}  applwJ. 

b  E/M  Corporation  CP-i  16  hi  a  ocTiplex  inlxtuia  consisting  of  rndybdonuin  disuiride,  mlneraJ  oil,  and  pulrolalum.  ITmi  CP-IIO 
lubricant  was  applied  lo  lha  threads  of  the  bolt  and  nut. 

c  NAS  1306- 10  boll.  Average  shank  dlamator- 0.4966  ki..  average  coaling  thickness -0.00036  In. 

47FLW-820  nut;  Average  ixating  thickness  -  0.00046  in. 


Tail 

— 

Cycia 

No. 

Running 
Torqua 
(ln.-lb,  CW 
Dlraetion) 

Torqua  On  Nul  (in. -lb) 

Braabway 

Torqua 

(ln.-lb) 

Running 

Torqua 

(ln.-lb, 

CCW 

Dlraetion) 

BoH  Load  (lb) 

2,500 

5,000 

7,600 

10,000 

12,500 

15,000 

17,500 

20,000 

74 

1 

40 

120 

170 

250 

335 

445 

495 

570 

700 

420  . 

35 

2 

280 

700 

3 

270 

675 

4 

265 

650 

5 

40 

100 

130 

220 

275 

370 

455 

550 

650 

365 

40 

6 

275 

675 

7 

280 

700 

8 

280 

675 

9 

275 

675 

10 

3S 

90 

145 

205 

265 

350 

425 

520 

625 

330 

38 

11 

260 

650 

12 

260 

650 

13 

255 

625 

14 

250 

625 

15 

35 

55 

135 

190 

250 

315 

405 

600 

600 

300 

35 

160 


I 

I 

I 

B 

I 

B 

B 

B 

I 

B 

B 

B 


B 

B 

B 

B 

B 

E 


UMfeliKM 


TABLE  A-75.  TORQUE-TEKSION  DATA  FOR  CADMIUM-PLATBD  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  E/M  CORPORATION  CP-116. 


Tilt 

Cyclfl 

No. 

RuiMing 
TiniM 
(In.-lb,  CW 
Oiraetlon) 

Tti^ia  Os  Nut  (is.-tb) 

Braaksway 

Yaniut 

(la.-tt) 

Running 

Tarqut 

(in.-lb, 

ccw 

Direction) 

koKlMl  (111) 

2,500 

5,000 

7,600 

16.000 

— 

12,500 

16,100 

17.600 

20,000 

75 

1 

45 

110 

175 

235 

315 

305 

400 

405 

35 

260 

260 

270 

675 

40 

00 

140 

205 

270 

350 

440 

645 

650 

375 

35 

270 

650 

270 

675 

19 

270 

675 

mm 

270 

675 

10 

35 

05 

155 

215 

2S0 

360 

465 

560 

675 

360 

35 

11 

270 

675 

12 

280 

675 

13 

280 

676 

14 

265 

650 

15 

35 

00 

145 

205 

2S5 

345 

450 

545 

650 

330 

a  Nut  auppliad  wlt^  wax  kjbncani  (Carbowax'  PoIjrathyWna  Qlyool  3350)  appUad. 

b  £/M  Corporaltoo  CP-1 16  la  a  oornpiax  mixiurt  cunaisUng  ol  niotybchtnum  disuHIda,  tnlnaral  oil,  and  paliolatofn.  Tha  CP-1ie 
(ubrVani  wa«  appUad  io  tfia  thnaadi  of  tia  boll  and  nut. 

c  NA£13oe-10  boh  Avaragaaharkdiamatar -0.4087  In..  aaa<sga  coaling  lhklaiaat-0.K)040  In. 

47PL1M-eS0  nut'  Autraga  ooakng  thicknasa  -  0.00039  In. 


TABLE  A-76.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD 

ALUMINUM-COATED  NUT  LUBRICATED  WrTH  E/M  CORPORATION  CP-116. 


Taat 

Cycli 

No. 

Running 

Torqui 

(ln.-lb,CW 

DIredion) 

Torqui  On  Nul  (In.-lb) 

Breikawi]! 

Torqui 

(in.-lb) 

Running 

Torque 

(in.-lb, 

CCW 

Dlrsdlun) 

BoR  Load  (lb) 

2.5U0 

5,000 

7,500 

10,000 

12,500 

15,000 

17,500 

20.000 

76 

1 

OO 

160 

230 

310 

400 

500 

625 

725 

850 

550 

80 

2 

390 

850 

3 

370 

850 

345 

850 

45 

140 

215 

305 

400 

505 

650 

750 

850 

550 

40 

onn 

vvv 

325 

750 

8 

320 

750 

0 

310 

700 

10 

30 

60 

165 

240 

335 

405 

490 

590 

700 

390 

30 

11 

315 

700 

12 

295 

700 

13 

295 

675 

14 

290 

650 

15 

30 

80 

150 

210 

300 

365 

450 

540 

650 

345 

30 

a  Nu'.  luid  wax  lubricanl  (Cwtxxakx  PUyelTiylena  Gf/col  3350)  applied. 

b  DM  Coipofaion  CP-116  It  a  oonptex  mixiure  consusling  of  nx)lytxl«>num  dijultkta.  niinofal  oH,  arid  poUoUlum.  Tha  CP-116 
tubricanl  was  applied  to  the  threadt  ol  fi«  boh  and  nut. 

c  NAS  1308-10  bolt.  Average  thank  diameter -0  4984  In.,  average  oafing  thickneta- 0  00035  In. 

4VFLW-8Z0  nut.  Avurago  exjating  thickness  -  0  0)045  In. 
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TABLE  A-77.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD 

ALUMINUM-COATED  NUT  LUBRICATED  WITH  E^iyi  CORPORATION  CP-116. 


Tati 

Cycit 

No. 

Running 

Tarqua  On  Nut  (in.-tt) 

Bnalonnv 

Tarque 

ATb  Ika 

Torqui 
(In  -lb.  CW 

lait  Lead  (lb)  j 

Oirtclior)  2  gjg  5  gjQ 

7,500  10,000  12,500 

IMOQ  17,503 

20,060 

77 

1 

90  1  55  235 

325  430  500 

62.3  700 

000 

4C0 

2 

325 

700 

d 

310 

700 

4 

295 

675 

1 

5 

45  95  150 

210  280  350 

445  535  ' 

t  650 

375 

!  Runnltig 
Tortjan 
(En.iti, 

ccw 

Dlruetian) 


60  130  1  90  2l'0  350  <30  525 

260 
250 
250 
255 

80  Ua  190  260  340  435  535 


■  Nul  had  wax  lubricant  (Ca.'Oowax  Potyethylana  G>-/col  33£0)  apptiod. 

b  E/M  Corporation  CP-11£  is  aoornplex  -nixtur*  nortststlng  of  rrtoiybCtonum  dsulTide.  minaral  oil,  and  pauolalum.  Tha  CP-118 
lubricant u  appliad  to  tha  thr«ada  of  tta  boll  artel  rtut. 

C  NiV:i130e-10  bolt:  Avarags  shank  diamaisr -0.4088  in.,  ayaraga  ooakng  thidotoM  -  0.00031)  In. 

4VI^LW-e2C  nut:  Avaraga  coaling  ihickn  «s  -  0.00041  fei. 


TAn.e  A-Vn.  torque-tension  data  for  IVD  aluminum-coated  bolt  AND  IVD 

ALUMINUM-COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  CP-11B. 


T«Jl 


Running 

Tonus 

(in.-fii,  CW 
Diracliun) 


2,500  5.000 


Torqua  On  Nut(in.-lb) 


Ron  Lead  (lb) 


12,500  15.000  17,500  20, 


625 


I _ _ 16  30 _ I  80 


Running 
Braakawiy  Torque 
Tnrqui  (in.-lb, 

(in.-ib)  CCW 

Dlractlon) 


a  Nul  h3d  wax  iutx..iirii  (Ca  ix  Pot/oll'yiena  Giycxjl  3350)  appliad. 

b  E/M  CorporalK«n  CP-116  «t  cc>rrtplox  rnlxt'jra  consisting  of  mofytxJonuixi  lisultidG.  mineml  oil,  and  patroiatum.  Tha  CP-<16 
lubik;,int  was  appliad  lo  tha  threads  ol  Ihs  hoh  and  nut. 

c  NASI 308-10  be  ■  .t  'araije  Bhankd,.;.  .0.01  ■•0.4968  In.,  average  coating  thicknasa  -0.00045  in. 

47FLW-620  nut:  A.-  ■ac';  pyof  f  ic  U  '•  ‘'.nas.s  -  0.c0045  In. 


1’ABLE  A-7S.  YORQUE-TENSiON  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITX  ARMPTE  LABORATORIEb  MIL-T-83483. 


Cycle 

No. 

Runnini) 
Torque 
{lA.-ib,  CW 
Oireelion) 

Torque  On  Nut  {bi.-lb) 

Breekaway 

Terque 

(IR.-Ib) 

Running 

Terque 

(In.-lb, 

CCW 

Direction) 

Ron  Load  (lb) 

2,50r 

5,000 

7,500 

10,000 

12,500 

15,000 

17,500 

20,000 

n 

50 

120 

195 

270 

355 

425 

505 

625 

390 

40 

350 

wm 

350 

760 

mm 

345 

725 

30 

120 

195 

260 

320 

395 

480 

575 

700 

370 

30 

n 

310 

700 

mm 

300 

70C 

IS 

315 

700 

9 

310 

700 

10 

SO 

110 

155 

250 

305 

360 

445 

530 

650 

345 

30 

11 

300 

700 

12 

300 

700 

13 

300 

700 

14 

300 

700 

15 

30 

105 

180 

245 

310 

400 

475 

555 

675 

360 

30 

a  Nul  supplied  with  wax  lubricant  (Carbowax  P9<^eth/tona  Glyool  33S0)  applied. 

b  Armite  Labcialories  MIL-T-6d4S3  lubricant  Is  a  pasta  oenlaining  SO%  molybdenum  daulfida  and  £0%  petrolatum  The  WIIL-T-a34a3 
lubricant  was  applied  to  the  threads  o(  the  bolt  and  nut. 

c  NASI 306-1 0  bo^:  Average  shank  diamsier  -  0.4S66  in.,  at«nioa  ocalrtg  Ihiclinaaa- 0.00037  In. 

47FLW-620  nut:  Average  coaling  thickness  -  0.00044  In. 


TABLE  A-fiO.  TORQUE-TENSiON  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITW  ARMfTE  LABORATORIES  MIL-T^»«83. 


Teit 

No,''M 

Cycle 

No. 

Running 

Torque 

(in.-lb,  CW 
Direction) 

Terque  Do  Nut  (in.-lb) 

Bnulcaway 

Torque 

(in.-lb) 

Running 

Turqui 

(in.-lb, 

CCW 

Direction) 

Ip" 

.Md(lb) 

2,sau 

6.000 

7.600 

10,000 

12,1^0 

16,000 

17,600 

£6,000 

80 

1 

35 

i':o 

175 

240 

320 

395 

470 

540 

650 

350 

30 

2 

310 

700 

3 

330 

725 

4 

340 

750 

5 

30 

105 

180 

250 

320 

405 

480 

570 

700 

350 

30 

6 

330 

700 

7 

310 

700 

ft 

305 

Ton 

P  vv 

9 

305 

700 

10 

30 

100 

170 

235 

310 

400 

490 

590 

725 

415 

30 

11 

300 

725 

12 

295 

700 

13 

300 

700 

14 

290 

675 

15 

25 

80 

ISO 

200 

270 

350 

430 

530 

650 

345 

25 

a  Nut  supplied  with  wax  lubricani  (Caittowax  Polyetfjjriene  Glyool  3350)  applied. 

b  ArmHe  Uabofalc''ns  MlL-T-e3443  lubricant  Is  a  pasts  oontajning50%  moiybdonun'i  dteuffide  and  50%  petrolatum.  The  MIL -7-63483 
kjuricanl  was  appled  u-  Lie  Ihroads  of  Ihe  bolt  and  nul. 

c  NASI 3C8- 10  bolt:  Avcriii  hank dlamoter  ~0.4BU7  ki.,  aversa#  oonSng  Ihickness  -  0.00035  In. 

47FLW-820  nui:  Averripj  oostir.')  thk-Juioss  -  0.00042  In. 
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TABLE  A-8-!.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  ARMITE  LABORATORIES  MIL>T-83483. 


Tist 

No.»-‘A 

Cyelt 

No. 

(tunning 
Torgut 
(in.-lb,  CW 
Diraction) 

Tirqut  On  Nut  (In.-B) 

Braakaway 

Targui 

(in.-lb) 

Running 

Torque 

(In.-lb. 

CCW 

Diractlon) 

loKLMd  (lb) 

7.500 

10,000 

12,500 

20,000 

81 

1 

45 

120 

210 

280 

380 

450 

555 

675 

750 

455 

40 

385 

760 

330 

725 

320 

700 

5 

40 

100 

170 

235 

310 

390 

400 

600 

726 

415 

40 

8 

310 

725 

7 

300 

725 

8 

295 

725 

e 

300 

725 

10 

40 

00 

150 

215 

?85 

360 

450 

560 

675 

385 

40 

11 

280 

676 

12 

2SS 

700 

13 

270 

650 

14 

265 

650 

15 

35 

85 

140 

205 

270 

340 

440 

535 

650 

340 

40 

a  Nut  supplied  with  wax  lutxicant  (Carbowax  ^olyathylens  Glyool  3350)  applied. 

b  Armlls  Laboratories  MIL-T-SM03  lubricant  is  a  paste  oonlaining  50%  molybdenum  disultide  and  SO%  petrolatum.  The  MIL-T-434fi3 


lubricant  was  applied  to  the  threads  of  die  boll  artd  nut. 

c  NAS1306-tO  bolt:  Average  shank  diameter -0.4967  in.,  aeerage  coaling  thideteea -0.00032  in. 
47FLW-820  nut:  Average  coaling  tfiiekness -0.00041  In. 


TABLE  A-82.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  AND  IVD  ALUMINUM-COATED 
NUT  LUBRICATED  WITH  ARMITE  LABORATORIES  MIL-T-83483, 


Tail 

Cycle 

No. 

(tunning 
Torque 
(In.-lb,  CW 
Dincllon) 

Torque  On  Nul  (In.-lb) 

Breakaway 

Torque 

(In.-h) 

IqVjI 

Bolt  Lead  (lb) 

7,500 

10,000 

12,500 

20,000 

82 

1 

90 

180 

265 

350 

440 

540 

67.S 

750 

875 

570 

70 

435 

900 

375 

875 

350 

800 

5 

55 

145 

220 

290 

375 

465 

560 

675 

800 

510 

SO 

6 

360 

800 

QIC 

77C 

8 

320 

750 

0 

315 

750 

10 

40 

120 

190 

250 

320 

405 

510 

650 

750 

455 

40 

T1 

305 

700 

12 

310 

70C 

13 

295 

700 

14 

295 

675 

15 

35 

100 

165 

220 

290 

380 

465 

550 

675 

365 

35  I 

a  Nul  had  wax  lubricant  [Carbowax  Polyelhylene  Glycol  33S0)  applied. 

b  Armite  Laboratories  MIL-T-63483  kjbricanl  is  a  paste  oontainiitg  50%  molybdenum  rfsuifide  and  50%  petrotatum.  The  MIL-T-d3463 
lubricant  was  a;7plk)d  to  tlie  threads  of  the  boll  and  nut. 

c  NA'^t306-10  bolt  Average  shank  dlamolar -0  4966  in  ,  average  coaling  thickness -0.00037  in. 

47FLW-620  nut:  Average  coating  thickness  -  0  00043  In. 
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TABLE  A-83.  TORQUE-TENSION  LATA  FOR  IVD  ALUMINUM-COATED  AND  FVD  ALUMINUM-COATED 
NUT  LUBRICATED  WITM  ARMITE  LABORATORIES  MIL-T-83483. 


T«3t 

1 

Cycle 

No. 

(tUliMinp 
7»r.)Ui 
(li.-lb,  CW 
Oirodion} 

Tor^ttt  On  Nul  (In.-lfa) 

Sreaktway 

Tarque 

(Id.-t9) 

Running 

Torque 

^In.-lb, 

ecw 

Oiredlon] 

B«llLa-.d(n)) 

2,500 

7,600 

10,008 

12.500 

10,000 

17,500 

20,000 

S3 

1 

8S 

175 

280 

375 

450 

540 

650 

775 

875 

600 

2 

400 

875 

3 

405 

900 

4 

405 

900 

5 

40 

125 

220 

310 

400 

510 

650 

775 

OCO 

SOQ 

35 

e 

390 

875 

7 

355 

825 

8 

355 

800 

0 

355 

800 

10 

35 

100 

165 

245 

340 

430 

530 

650 

750 

420 

35 

11 

315 

725 

12 

325 

725 

)3 

310 

725 

4 

315 

725 

iJi. 

30 

75 

150 

225 

315 

420 

505 

625 

725 

390 

30 

■  Nut  had  wax  luUicant  (Cadxxwax  Potyethj^lana  (xlyrol  3350)  applied. 

b  Armite  LaboratixiM  MIL-T-S34e3  lubricant  i$  a  pa»ia  containing  50%  motybdenum  (SsutRda  and  50%  peiioUtum.  Tha  MU.-T-A3i83 
iubricani  was  applied  to  the  threads  ol  tho  bolt  aiKl  nut. 

c  NASI  306-10  bolt:  Average  ahink  diameter -0.4M8  In.,  awerage  coaling  INckmea-O.OOOM  In. 

47FLW-e20  nut:  Average  coaling  tMcftfioas- 0.00043  In. 


TABLE  A-84.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  AND  IVD  ALUMINUM-COATED 
NUT  LUBRICATED  WITW  ARMITE  LABORATORIES  MIL.T-83483. 


Tad 

Cycle 

Mo. 

Running 
Torqua 
(in.-lb.  CW 
Direction) 

- - - 

Torqua  On  Nut  (In.-lb) 

Bnalcaway 

Torqua 

(In.-lb) 

Running 

Torqua 

(in.-lb. 

CCW 

Dlrtclion) 

Boll  Load  (lb] 

2,500 

5,000 

7,600 

15,000 

17,600 

20,850 

84 

1 

135 

240 

330 

420 

515 

625 

725 

CD 

O 

O 

925 

676 

100 

2 

420 

875 

455 

900 

420 

850 

50 

155 

230 

310 

335 

480 

600 

725 

825 

575 

50 

365 

800 

370 

800 

8 

370 

800 

9 

360 

775 

10 

40 

120 

270 

350 

435 

535 

650 

750 

420 

40 

11 

336 

725 

12 

335 

7S0 

13 

320 

726 

14 

325 

725 

15 

L_iL.J 

115 

135 

250 

315 

400 

495 

585 

700 

3S5 

40 

a  Nut  had  wax  lubricant  (Carbowax  Potyelhyieoa  Glycol  3350)  applitfd. 

b  Amx'te  Laboratories  MIL-T-ft3483  tubricajil  is  a  paste  canlalnlrrg  50%  nir.’ti'txJonum  (8sM>l?ic!<i  and  .50%  petrolatum.  Ibe  MlL-T-a3463 
lubricant  was  applied  to  the  thraadc  of  boll  and  nut. 

c  NAS1303.10  bolt:  Av^aga  ahan'-t  di<ijt«ie'~0.4(>3f  in.,  average  coating  ihiciciass '  -0.00034  In. 

47FLW-820  nut:  Average  coating  thicknosa  -  0.00043  kr. 
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TABLE  A-85.  rOHQUE-YENSION  OATA  FOR  !VD  ALUMINUM-COATED  BOLT  AND  IVD 

ALUMINUM  COATEO  NUT  LUBRICATED  WITH  E-lliS  CORPORATION  FORMKOTE 
T-SO  AND  FEL-PRO  INCORPORATED  C-601-S. 


1 

- - 1 

Cycis 

Ko. 

i^unnlns 
Tsrqui 
(hi.-lb,  m 
Direclisn) 

Y«h$uo  Or  Nut  (ia.-ni) 

Bmikawty 

Terqui 

(In.-tb) 

Running 

Tsrqut 

(bi.-lb. 

CCW 

Diraeiion) 

TttI 

Mb  1,1, M 

>tiS1  LiMd  (lb} 

£.600 

b,CD3 

7, BOO 

10.080 

12,500 

16,000 

17.BOO 

20,000 

85 

1 

110 

175 

24Q 

335 

440 

520 

825 

725 

800 

S25 

100 

390 

800 

mm 

S45 

30C 

n 

40 

[tlb 

170 

S55 

305 

205 

505 

625 

BZ3 

490 

45 

■  (ikj  not  hKvs  wfex  iubrtcsnl  (C»ruow»x  !>oly«thyl«r)e  Glycol  33S£)  app^^- 

b  Corporction  Fonnkol*  T-SO  is  a  dry  tilrri  i^jiiricant  oonuinlng  giapirlis  tuspaodsd  ki  a  high  tennparatur*  resin  binder.  Fel-Pro 
incorporated  C-6D1  -S  lubricant  is  a  p&.-to  oonialnirtg  50  percent  aynthetic  graphlia  and  50  percent  petroUturri  tormulatee  to  meat 
MtL-T-5.544 .  Tlw  C-bOI-ts  kjbrktfint  vtr  .5  applied  over  the  Formliole  T-SO  !<.;bricant.  Both  kjbrlcanls  ware  applied  to  toe  threads  of  the 
boH  and  nut. 

c  NASt306-tO  colt:  Average  shank  dUtmeler  ~  O.S03P  to.,  avarege  coating  tolcknass  -  0.00033  to.,  average  ehvik  diameter  with 
Formkote  T-SO  -  0.AP99  in.,  average  coating  arid  r  ormkote  T-SO  toiclcteas  -  0.00042  to.,  47FI.W-S20  nut:  Average  coating  thicknaaa  - 
0.00046  to.,  avemge  coating  and  Fomtkota  T-SO  0.00040  to. 

d  The  Formkote  T-SO  was  removed  after  toe  tirsi  tcri^e-t«nsk.n  cycle  durtog  ultrasonic  cleaning. 


TABLE  A-86.  TORQUE-TENSION  DATA  FOR  5\/0  ALUMINUM-COATED  BOLT  AMD  IVD  ALUMINUM- 
COATED  NUT  LUBRIC.ATED  WITH  DM  CORPORATION  PERM.VSLIK  S  AND  FEL-PRO 
INCORPORATED  C-601-S 


Ttti 

Cyelu 

No. 

Kunniny 
Torijiiit 
(In.-lSt,  CW 
Dirsctioit] 

Torqui  On  Nut  (in.-lb)* 

Brsslaiwsv 

Torqus 

(in.-lb) 

Running 

Torqus 

(l«.-lb. 

CCW 

Dirsctlon) 

Bn^Loidtlh) 

I'.BOU 

5,OOU 

7.b03 

10.000 

12,500 

15,000 

17, WO 

20,000 

86 

t 

t10 

195 

El 

455 

545 

650 

750 

850 

565 

110 

355 

800 

■ 

330 

000 

n 

315 

800 

_ _ _ _ 

_Lj 

60 

JI!. 

9BS 

225 

320 

425 

560 

W> 

800 

520 

55 

a  Nut  did  not  (tavo  wax  hjbrtcanl  {Carbowax  PoryetnyVirw  Gf/rsol  3050)  applied. 

b  E/M  corpr-iticn  Perma  Silk  E  is  c/i  a'-  drlid,  salkt  Sim  hjfcrieant  containing  moij'txtenuincilsulfide  to  s  tfinimum  ameunt  of  btodsr. 
Fel-Pro  incorporateti  C-301  -S  kitytoanl  is  a  piiiie  oont^ning  50%  ayittoetto  graphlU)  and  50%  pesc4aium  formolaied  to  meet 
MIL-T-5544.  The  G-6C1-S  tubricani  irns  applied  -we'  Itia  Permi-SIk  S  lubricant.  Both  lubricants  tvere  applied  to  toe  threads  of  toe  boft 
end  nuL 

e  NASlSOB-iO  bolt.  Av«\tgo  shank  r’ie.Twter  -  0.4960  in.,  average  coaling  thickness  ■- 0.00037  to.,  overage  shank  diameter  wito 
Perna-Stk  S  -  0.498S  in.,  evvfagn  ixjuUng  bklcknetw  -  3.00038  to. 

47FLW-tt20  nut;  Avuruge  costing  thickna.w  -  0  00041  to.,  evarage  costing  and  Penna-SIk  S  thickness  -0.00074  in. 
d  Permu-Slik  S  wore  cK  the  thiuadr  j!  the  bod  nrid  nul  srtor  throe  torque-tension  eyries. 


TABLE  A-87.  TORQUE-TENSION  DATA  R}R  IVD  ALUMlNUiyK:OATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  OVERCOATED  WITO  VWiTFORD  CORPORATION  XYLAR  101  AND 
LUBRICATED  WITH  PEL-PRO  INCORPORATED  C-B01-S. 


T«tl 

Ko 

Cyelt 

No. 

Running 
Torqui 
(in.-lb,  CW 
Oiradion) 

Tarqua  Cti  Hiil  (la.-ib) 

SntIctwsy 

Tarqua 

(In.-lb) 

Hunning 

Torqtii 

(bi.-th, 

CCW 

DIra  Elion]) 

2,580 

6,800 

7,^S 

10,808 

12,600 

15,300 

17,600 

20,000 

87 

1 

85 

185 

205 

365 

460 

S70 

67S 

m 

SOO 

625 

SO  1 

2 

410 

825 

3 

385 

800 

1 

4 

320 

aco 

n 

6 

30 

95 

150 

225 

310 

410 

S20 

£50 

750 

460 

25  1 

a  Nui  dM  noi  h«v«  wax  lubricant  (Cartowax  Polytthyianc  Glycol  3350)  ap$ited. 

b  Whitfcxd  Coiporation  Xylar  101  ooatirtg  oontalrts  mnrrMtallic  tltom  in  ooinbinaticci  witir  malarial*  lo  oxtand  tba  parbrmanca 

of  aluminum  coating*.  Tsi'Pro  Inoorporatad  C401-S  lubricant  la  a  pasta  oonialning  SC%  aynUtotic  grapbik*  arid  50^  patro latum 
iotmulaiad  to  maei  MII-T-55A4.  Tha  C-b01-S  lubricani  was  appliad  (wai  tia  Xyiar  101  ouaiinQ  uri  itiroad*  ot  iiia  boil  and  rHJt. 

c  NASI 306-1 0  bolt'  Avaraga  abank  dlamater  - 0.4085  h.,  avaraga  coating  ihicwisos  - O.OCUO::  In.,  avaraga  snanK  dlanwtsr  with 
Xytar  101  -0.4990  In.,  avaraga  coaling  and  Xytar  101  thicknass -0.00053  in. 

47FLW-620  nut:  Average  coaling  thicknets  -  0.00041  In.,  avarage  coaling  and  Xyta.'  101  ihicAnaat  -  0.00060  In. 


TABLE  A.88.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  ftOLT  AND  RDR  Tu'D 

ALUMINUM-COATED  NUT  OVERCOATEC  WITH  WHITFORD  CORPORATION  XYUR 
101  AND  THEN  BOTH  PARTS  LUBRICATED  WHU  FEL-PRO  INCORPORATED  C-Ocl-S. 


No 

Cyeli 

No. 

Running 
Torquo 
(In.-lb,  CW 
Dlrfctlon) 

Torquo  On  Nut  (in. -16) 

Snikawiiv 

Torqui 

(In.-lb) 

Running  I 
Torqui  [ 
(in.-lc.  1 
CCW 

Olrtclion) 

8oKLoa4(lb) 

2,503 

5,000 

7,600 

10,000 

12,500 

16.000 

17,500 

20,000 

86 

1 

110 

225 

315 

420 

525 

650 

725 

625 

9^0 

700 

120 

2 

44S 

85C 

j 

3 

360 

72b 

I 

4 

315 

725 

1 

5 

40 

110 

170 

235 

310 

400 

510 

600 

700 

440 

45  1 

a  Nui  cSd  not  have  wax  lubricani  (Carbowax  Potyeihylana  Glycol  3350)  appliad. 

b  Whlltord  Corporation  Xylar  101  coaling  contains  rxximetalkc  tllais  in  combintlion  vdtti  oaramlc  rrslerlal*  to  axiand  ttia  parior.'rarco 
of  aluminum  coatings.  Fel-P/o  Incorpomlad  C-601-S  lubricant  Is  a  paste  containing  $0%  synthetic  graphite  and  SO^C  patrolaU<rr, 
formulaled  to  mool  MIL-T-&S44.  The  C-60t-S  tobricanl  was  applied  ovar  tie  Xylar  lOt  coating  on  threads  of  tia  bolt  and  nut. 
c  NAS  1306 -10  bolt:  Average  sTiank  diameter  -  0.4966  in.,  average  coating  Ihicknasa  -  <1.00040  In. 

47FL\A'-620  nut:  Average  coating  thicknass  -  0.00046  in.,  average  coating  and  Xytar  101  thlckneaa  -  0.00067  si. 
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TABLE  A-Sfl.  TORQUE-TENSION  DATA  RDR  FVD  ALUMINUM-COA'il^D  BOLT  OVERCOATED  WrtH 
WHITFORD  CORPORATION  XYLAR  %m  AND  FOR  JVO  ALUMINUM-COATED  NUT  AND 
THEN  BOTH  PARTS  LUBRICATED  WrTH  FEL-PRO  jlNCORK3RATED  0601 -S. 


RunviinE 
Ttnqui 
(In.-lii,  CW 
Oiradion) 


Ttfrqus  Qa  Kut 


BfiKLea«I  (Ct) 


15.1163  j 

12,500 

IL.IOS 

17,500 

420 

370 

293 

280 

£20 

625 

\ 

\ 

1 

700 

i 

230 

3/6  1 

470 

1  675 

Running 
iraakawny  Terqui 
Tarqui  (in.-lb, 

(la.-tt)  CCW 


Dindion) 


115 


a  Nm  *d  im!  tmv#  wac  lutiiMnl  (C-'toway  Polyatfiytoiw  C5lya>l  3330}  appUod. 
b  WhItfw.'J  Corpofktkxi  Xyiar  101  ctwlirtg  contain*  (y>nnriit«lfc;  ftiint  in  v»mWrt*tiofi  wHh  owwrfc  matiMiWs  W  •xlund  Ih*  pt'Hbmwrioa 
o<iiJum(ttum  coatingi.  Fa!  ?»/(j  !ftccr(>or*t*d  C-OC'  I  -fl  lubftcAnl  b  •  fj«.«t<K5(X’itairilog  !0%  cyoUiallc  wid  30%  p«lmlalutii 

kxmutatiKi  to  maal  MiL-'f-S544  The  C-«<01-Si  iibctcant  wa*  ippoaowt  f%»  Xylar  101  coaUng  onihtaad*  dl  too  bail  iiiici  nul 

c  NASI 300-10  bolt:  Aw»g«  tfianX di»m*(«r  - OAJVM  to.,av»faBoctoaSngthlcVi»e*-0.0(»33t->.,«voi»f)»fth*rA({it(motorwtto 
Xytai  101  -OASaa  In.,  gvoragt?  coaling  and  XyUtr  101  thictovm  ~0.00;«2  in. 

47FLW  -020  nui.  A-w.-ego  coaling  JhlciVitRW  -  0.0004.9  <n. 


TABLE  A-90.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  !VD 
ALUMINUM-COATED  NUT  LUBRICATED  WrTH  F-/M  CORPORATJON 
EVERLUBE  1346  AND  FEL-PRO  INCORPORATED  C-601-S. 


Toniivi  On  Nui  (la.-lb) 


loll  Laad  (lb) 


2.S0D  S.OOO  7, 500 lie, 000  1  2.500  16,000  1  7,500  20,000 


105  160 


310  400 

305 


470  570 


105  160 


285 

270 

305  3115 


500  600 


35  145  I  215  285  370 

2>0 
26Sa 
265 
255 

75  130  100  260  350 


475  I  590 


450  570 


finakiiway 

Tsrquk 

(in.-lb) 

Runfling 

Ttirqiii 

(In.-lb, 

CCW 

Diridljn) 

390 

h” 

55 

400 

45 

420 

SO 

430 

30 

a  Nut  did  no',  have  wk>  lubricanl  (Carbowax  Polyethyleike  Glycol  3350)  appl»d. 

b  £/M  Corporation  Evutiube  1340  It  an  air-cured,  boncied  eobd  Siin  tubdcanl  fomtolaled  with  moiybcieriuin  dbutflde  in  a  r««n  bindar. 
Hei  Pio  Incorporated  C-6ui  kibficanl  k  a  paste  ooiiUlnlng  50%  t^nlhaUc  graphite  a.ncl  50%  pelnoialvjTi  JonnuUted  to  meet  MIL  T-5544. 
TIte  C-SOI-S  kibricani  was  kr-pited  over  the  Evedube  134d  ki brick  il.  Both  lubticants  w  kc  app4ted  to  toe  Ihreadr  ol  the  boil  taxi  nut. 

c  NASI 306-10  bolt.  Average  shank  dian.  ter -0  4bS6  in  ,  leerage  coaling  thicknevs  -  0.00032  In.,  *ver^}«  aharvk  diameter  wito 
Evterlubt)  134S  0.4005  in.,  ararage  coating  and  Everluba  1346  tokAness  -0.00061  In. 

47FLW-e.20  nut:  Awrage  coating  thtcknes*  -O.OOri4?  to.,  average  coating  and  Everlute  1346  to IcKneas -0.00092  In. 


TABLE  A-91.  TORQUE-TENSION  DATA  FOR  )VD  ALUMINUM-COATED  BOLT  AND  IVD 
ALUMINUM-COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION 
EVERLUBE  1346  AND  PEL-PRO  INCORPORATED  C-B01-S. 


T«t1 

Cycle 

No. 

Running 
Tsrijui 
(In.-lb,  CW 
OIrietlon) 

Tnrqui  On  Nut  (in.-ib) 

Braiksttiy 

Tcrqui 

(In.-lb) 

Running 

Tirqui 

(In.-lb, 

ccw 

Dliictlon) 

ioltlMd  {lb) 

2,soa 

B.OOO 

7.«)0 

rfs 

12, BOO 

[3^ 

17, BOO 

20,000 

01 

1 

70 

116 

las 

250 

330 

405 

SOS 

600 

700 

3»0 

60 

27S 

625 

200 

650 

270 

650 

45 

OS 

145 

205 

270 

360 

455 

560 

650 

365 

50 

330 

726 

2/0 

650 

270 

650 

265 

650 

to 

40 

105 

155 

215 

265 

375 

465 

565 

700 

405 

40 

11 

265 

675 

12 

270 

700 

13 

265 

TOO 

14 

270 

725 

15 

35 

8£ 

130 

1B5 

260 

350 

450 

570 

725 

420 

35 

A  Nul  tid  not  hovo  wai  tuhncant  (CartiONt.'ax  Poly*th/t*nu  Gf-oot  33S0)  tpplioci. 

b  E/M  CorporitKin  Evtrlub*  1 346  it  bn  bir-cu'*^  bundbd  lolid  Kim  lubnont  toimjlblbd  ainth  imlyMbnijcTi  diiulMb  In  b  rutin  lancibr. 
FbI  Pro  bicorro*btbd  C-601-S  lubncbnt  It  b  pbIM  txntbininfl  S0%  by'llhblic  grtryhil*  tnd  50%  pbtrolbtum  foftnulbibd  to  mbbi  MIL-t-55iU. 
Thb  C-GOVS  lubricbnt  wbt  bpptwd  ov*^  tht  EvbdLjbb  1346  lubrIcbr.L  lubrtctntt  Wbrt  tpd^itd  to  tbt  tortbdt  o*  1b«  boH  bOd  nut 
c  NASt  306-1 U  txid:  Avampb  titonk  d«mbl«r-0.4S87  in.,  tHbibg*  oobtng  ttvcknbib- 0.00033  m.,  bvaibs*  ihbnit  d«nr«|br  wtto 
Ev«nub«  1346  -0.4M6  in.,  tvtrbfyt  OObting  brkd  Evbftubb  1346  Ihichnbbt  -  0.00073  in. 

47H.W-630  nut  A’/aragt  ootti'ig  thcknbu  -  0.00046  In.,  tvarag*  coblng  me  Evbrluut  1346  ttbcinbu  -  D.COOOS  to. 


TABLE  A  &2.  TOROUE-YENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD 

ALUMINUM-COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EW-6256 
AND  r-EL-PRO  INCORPORATED  C-6C1-S. 


Tun 

No.''*'' 

. 

Cycli 

No. 

Running 
Torquo 
Q^n.-lb,  CW 
tlliictlon) 

Torqut  On  Nvt  (In.-lb) 

B/iibiny 

Terquu 

(In.-lb) 

Running 

Turqui 

(In.-lb. 

CCW 

DIrictIun) 

Belt  lud  (lb) 

QQI 

7,500 

10,500 

12,500 

15,000 

17,500 

n.DOD 

S2 

1 

65 

115 

165 

245 

330 

425 

490 

675 

370 

55 

320 

700 

315 

725 

4 

300 

700 

5 

40 

110 

160 

220 

29S 

380 

490 

600 

775 

415 

40 

6 

310 

775 

7 

270 

6 

265 

i  ' 

270 

fUU 

10 

35 

90 

145 

205 

275 

355 

470 

580 

700 

35 

11 

279 

12 

270 

13 

270 

700 

14 

265 

■iol 

15 

35 

145 

200 

270 

360 

-  j 

470 

590 

700 

410 

lb  Nut  not  Kavt  wa.t  tubriccnt  ^C&rbO'WLx  U^ycol  3350^ 

b  h/yA  Corporation  EM -£^56  i$  ■  »ol)d  film  (ubrisaLnl  formuIml»\5  in  «  rwtin  b^nckr  to  product 

tDrqi>«  UnM}n  chanclB'iBbCA  irmixj  toc*dT>jrn  atoctrcpta^  p{ut  r^l-f  rx>  IncorpO'Slaij  C'601-S  iubncani  containing 

&CN  (ynthatc  graphiio  and  SOS  patrc^latum  formulatacf  nvatMiL*T'554/^.  Tha  0^1  *S  lul  apQfiadov^  'ih«  EM-£2S6 

iubricani  Qot^  Iuty>c4nt:.  W9'9  appi'Od  to  tha  ihroada  of  tha  bcH  and  nut 

c  NAS  1306-10  bolt  Avoraj*  rhark  tiarrvjtfir  -  0.498G  in.,  a'^ft.'iigg  coaCng  Ihidinati  -O.OCX131  in.,  fthank  dknwUx  witfi 

nM-62&6  -0  4993  in.,  coating  anri  EM-625C  *ikAnaw-0  00072  In. 

47FLVV-*?0  nut  Ati^ga  coabng  tfiiduwM  -  0.00041  in.,  a:y«.«ga  ooaDng  and  CM-BJMj  -  C  CfkTA4  m. 
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TABLE  A-93.  TORQUE-TENSiON  DATA  FOR  IVD  ALUMINUM>COATED  BOLT  AND  FOR  IVD 
ALUMINUM-COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256 
AND  FEL-PRO  INCORPORATED  C-601-S. 


Ttsi 

No.'M 

Cyeli 

No. 

Running 

Terqui 

(in.-lb,CW 

Dirtdlon) 

Torqua  On  Nut  (in.-lb) 

Brsikawiy 

Tsrqua 

(in.-lb) 

Running 

Torgui 

(in.-lb, 

CCW 

Dlracllon) 

loll  Load  (lb) 

2,600 

6,000 

7.600 

16,000 

17,600 

20,000 

93 

1 

SS 

115 

175 

250 

330 

410 

490 

560 

650 

335 

50 

290 

650 

260 

625 

270 

650 

35 

90 

150 

205 

275 

370 

470 

S70 

675 

370 

35 

350 

750 

305 

700 

320 

750 

300 

750 

10 

3C 

85 

135 

200 

285 

390 

510 

S25 

750 

455 

35 

11 

330 

825 

12 

290 

800 

13 

275 

eoo 

14 

270 

750 

15 

30 

60 

135 

200 

275 

375 

495 

650 

775 

460 

30 

c  Nut  dki  not  hav«  wax  lubrieoiil  (Corbowax  Po^ittiylena  Glycol  3350)  wppllad. 

b  E/M  Corpoiallon  EM-62SC  U  a  bondtd  oalid  film  lubricant  lorTnulalad  with  molybdanum  diaulllda  In  a  rotln  blndtf  to  produca 
kxqua-Uniion  choracUrislio  almllor  to  cadmium  alaclraplala  plui  wax.  Fal-Pro  Inoorporaiod  G-601-S  lubricant  It  a  posla  containing 
SOX  lynlhalic  graphlla  and  S0%  palrolalum  lormulatad  to  maal  MIL*'''-S544.  Tha  C-S01-S  hibtlcanl  wat  appllod  ov«r  toa  EM-62SS 
bbricanl  Both  lubrlcona  w«r«  appltod  to  tha  thiaads  of  ffia  boll  and  nut. 

c  NAS130il-10  boll.  Avaraga  shank  dlomator- 04033  In.,  avartgs  ooaUng  Ihlcknau  -  0.00034  In.,  avaioga  shank  diomator  witi 
EM-<2S8  -■  0.4067  In.,  avaroga  nnalng  and  EM-62S6  trlcknaas  -  O.OOOSO  in. 

47FLW-a2C  nul:  Awraga  oMlng  thicknaaa  -  0.00047  In.,  avaraga  ocatino  and  EM-e256  totoknaoa  -  O.OOOSO  In. 


TABLE  A-C4.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD 
ALUMINUM-COATED  NUT  LUBRICATED  WITH  DM  CORPORATION  EM-6286 
AND  FEL-PRO  INCORPORATED  C-601-S. 


Tail 

N0.''*-* 

Cyelt 

No. 

Running 
Torquf 
(In.-lb,  CW 
Oiiidllsn) 

Terqua  On  Nul  (in.-lb) 

Briiltaway 

Torqui 

(in.-lb) 

ItwJIII 

Ball  laiil  (lb) 

7,600 

10,000 

12,500 

15,000 

94 

1 

90 

140 

i»:. 

250 

325 

405 

500 

COO 

700 

405 

8$ 

300 

625 

255 

625 

255 

650 

40 

1£S| 

150 

210 

260 

365 

470 

560 

675 

380 

50 

6 

335 

775 

7 

325 

725 

H 

285 

700 

■9 

27S 

700 

10 

35 

KElfl 

155 

220 

280 

370 

475 

580 

700 

420 

33 

11 

285 

700 

1? 

290 

700 

13 

290 

700 

14 

270 

700 

Ll^ 

IdO 

210 

305 

390 

500 

625 

725 

430 

35 

a  h'ul  did  nol  have  wo.-  lu'orkvani  ^l.orbcwnx  PoV*lh/lar>a  Gly<x>l  33f>i)]  appUad 

b  E/M  Corpor«l)i>n  EM- 6200  te  a  bondad  solid  niiii  lutxkxinl  tormulaiad  with  g  M,'ihlla  In  u  rgtin  bindar.  Fal  Pro  Inoorportlad  C-SOVS 
lubrkani  Is  a  pasta  conlamirig  OCn-  tynthalic  graphlla  and  SO-A  paVolalurn  tonnulaltxd  to  mpwl  'MIL-T'5544. 

Tlw.'  GOOvS  Uikrkairl  r/o*  uppikd  ovar  Una  EM. 6200  tubi leant  BoSi  lubcicanls  wafa  appliud  to  toa  ir^raads  ol  Ilia  boll  and  nul. 

c  ,\/.Sl3OS-10  boll  A-Sfoga  ahank  dia-noler  -  0  40(13  In  ,Bv»raga  ooatng  Ihicknaai  -  0  0(X>2t  tn.,  jruaraga  shank  dlomaler  artli  • 
EM  4285  -0  4006  In  ,  ava'ogs  i»allng  aid  EM  4205  Jilcknass  -0  00118  In. 

47FLW  420  nul:  AvarsjK  (xsiling  IhJc>/i«ss  --  0  00047  to.,  Bvenag*  ooaBng  and  EM-42M  toteknass  -0  00181  In. 
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TABLE  A-95.  TOROUE-TENSiON  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  lYD 
ALUMINUM-COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-E2B6 
AND  FEL-PRO  INCORPORATED 


T»(t 

Cjfcli 

Mo. 

Runninfi 
Ttrqut 
(in.-lb.  CW 
□Irtelion) 

Ttmoa  Of)  Nut  (la.-ft) 

Breakaway 

Tarqua 

(In.-lb) 

Ruitnlnij 

Tarqua 

(in.-lb, 

ccw 

Dlradion) 

BelSLBa4(lb) 

2,500 

6,000 

7,600 

10,000 

12,600 

16,000 

17,500 

20,000 

05 

1 

75 

125 

180 

250 

335 

425 

510 

600 

700 

415 

80 

2 

325 

700 

3 

300 

725 

4 

310 

725 

5 

40 

110 

170 

235 

315 

410 

615 

625 

725 

445 

40 

6 

320 

760 

7 

310 

700 

e 

280 

700 

0 

275 

700 

10 

35 

90 

155 

210 

280 

385 

460 

570 

700 

410 

35 

11 

280 

700 

12 

270 

700 

13 

280 

725 

14 

235 

725 

15 

35 

90 

,  150 

215 

290 

395 

515 

625 

725 

440 

35 

a  Nut  did  not  havs  wax  kibriconl  (Cartnwajc  Potyat^yta^a  Glyool  3350)  appliad. 

b  EW  Corpofatkxt  EW-6286  k  a  bondsd  aolid  film  lubricanl  tormutatad  (With  graphlle  In  a  rtakt  Under.  Fal-Pro  Inoorporalad  C-«0t-« 
kibricant  k  a  paste  containing  Kf%  ayntialic  graphiie  and  5014  palroiatum  brmulataci  to  maal  MIL-T-S644. 

The  C-«t-S  lubricant  leas  appliad  ovrar  the  EM-«266  lubriMnl.  Both  tuixioanta  watt  appfiad  to  tie  tJvaade  of  lha  boh  and  rtut. 

C  NAS1306-10  bolt:  Avarage  ahanh  dlameiar -0. <*982  In.,  avaraga  coaling  lhk*na*a- 0.00030  In.,  Bvaraga  shank  diamalanwlfi 

Ebl-6285  -  0.4S9S  in.,  avara0S  coaling  and  EM -6286  tiickltasa  -  0.00106  In. 

47FLW-820  nut;  Avarage  coaUng  thlcknaaa  ~  0.00047  In.,  tvaraoa  ooatng  and  EM-6266  fitetoteat  -  0.001 12  In. 


TABLE  A-96.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD 

ALUMINUM-COATED  NUT  LUBRICANT  WITH  F./M  CORPORATION  EVERLUBE  1346 
AND  THEN  BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tttl 

Nd.*M 

Cycli 

Nd. 

Running 
Torqui 
(In.-lb,  CW 
Diraclion) 

Torque  On  Nul  (in.-lb) 

Breakaway 

Torqui 

(in.-lb) 

Running 

Torqua 

(In.-lb, 

CCW 

Direction) 

Bolt  Load  (lb) 

2,500 

E,Q0Q 

7,600 

10,000 

12,500 

15,000 

17,600 

20,000 

06 

1 

70 

135 

200 

270 

345 

440 

530 

650 

750 

425 

75 

mm 

320 

700 

330 

700 

MM 

315 

700 

H 

30 

95 

165 

245 

320 

405 

505 

625 

725 

420 

30 

a  Nut  did  not  havo  ivax  lubricant  (Carbovvax  Polyelhylana  Glycol  3350)  apptiad. 

b  &1iil  Corporation  Everlube  1346  k  an  aii-curad,  bonded  aotd  film  lubricant  formulated  with  molybdenum  cfsulfide  In  a  nesin  bindsr. 
Fal-Pro  Incorporated  C-C01-S  lubricant  is  a  paste  oontai,’ilng  50%  syntlivtic  graphite  and  50%  patrolatum  formulated  to  mealMIL-T-5544. 
The  C-601-S  lubricanl  was  appliad  over  the  Evorluba  1346  lubricant  Both  lubricants  we<e  applied  to  the  threads  of  the  bolt  and  nut. 
c  NAS1308-10  boll  Average  shank  diameter -0.4966  In.,  average  coaling  ihIcKness- 0.00034  in. 

47FLW-820  nul;  Average  coaling  thickness  -  0  00047  in.,  average  coaling  and  Everlube  1346  tiicknaas- 0.00091  In. 
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TABLE  A-S7.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD 

ALUMINUM-COATED  NUT  LUBRICANT  WITH  E/M  CORPORATION  EVERLUBE  1346 
AND  THEN  BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601S. 


Ttst 

No.'-L* 

CycU 

No. 

Running 
Tcrquo 
(in.-lb.  CW 
Dinciion) 

Tortus  On  Nui  (iN.-k) 

Brtakaway 

Ttrqus 

(IN.-Ib) 

9 

•altLMd(lb) 

2,600 

6,000 

7,600 

10,800 

12.BOO 

16,100 

17,600 

26,800 

97 

1 

1O0 

165 

220 

290 

360 

450 

575 

750 

510 

290 

€50 

260 

600 

240 

600 

35 

75 

130 

205 

275 

330 

405 

500 

600 

360 

H'M 

•  Nut  (id  not  havo  lubricant  (CirtMwsx  Poty*®'/**'**  •I’P****^-  ^  .  i 

b  E/M  Corporation  Evarluba  1M6  to  «n  »lr-cur*d.  bondad  tokd  Km  lubricant  tomulatad  wl*i  molybclanum  tfisuttSdi  In  a  rtiln  blndar. 
Fat-Pro  Inoorporawd  C-W1-S  lubricant  la  a  pasta  oontalrtlfig  SOfV,  aynthatic  (jrapWa  aitd  'SOX  palrolat'  lormulaiad  to  nwat  M1L-T-S544, 
Tha  O«01-S  lubricant  was  appliad  over  kha  Evartuba  14*6  lubricant.  Both  lubricanU  wara  appWad  to  t(^  ihiaadc  olth*  bo«  and  nut. 

c  NASI 308-10  bolt.  Avaraga  ahankdiamatar- 0  4667  In.,  avaragaooaSnothlcknaaa- 0.00030  In. 

47FLW-820  nut.  Avaraoe  ooabng  thlclsnaiiii  -  0.00047  ln.,avera9a  cooling  and  Errarlub*  13*6  tiloiu>aaa  - 0.00078  In. 


TABLE  A-98.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  .10LT  AND  FOR  IVD 

ALUMINUM-COATED  NUT  LUBRICANT  WITH  E/M  CORPORATION  EM-6256  AND 
THEN  BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Ta*t 

Cyeli 

No. 

Running 
Tnrtjui 
(ill  Ib.CW 
DInction) 

Torqui  On  Nut  (in.-lb) 

Brtakaway 

Tcrqua 

(In.-Ib) 

Running 

Torqui 

(In.-Ib, 

CCW 

DIrsctiun) 

Bon  Load  (lb) 

2,500 

7,600 

12,500 

20,000 

96 

1 

70 

130 

190 

250 

320 

410 

510 

600 

700 

435 

SO 

2 

315 

650 

3 

275 

650 

4 

270 

625 

5 

35 

80 

135 

195 

265 

330 

430 

480 

625 

370 

35 

a  Nut  (Sd  not  hava  wax  lubricant  (Corbrswax  PotyathyiarN)  Gtycoi  3350)  apptlad. 

b  E/M  Corporation  EM-e2S6  is  an  air -cured,  borided  solid  ilm  lubticani  lormutaled  wIFi  inotybdeoum  dbutflda  In  a  rssJn  bindar. 

Fal  Pro  Incorporated  C-601-S  lubrlcnnl  Is  a  paste  oontainlng  SOX  tynlhetlc  graphite  and  SOX  petrolatum  iormulated  to  meet  MIL-T-SS44. 
The  C-601-S  lubricant  was  applied  over  the  EM-6256  lubricant  Both  lubricanis  wore  applied  to  tra  Ihreada  of  tha  bolt  and  nut. 

'j  NAS130e-1Dbott:  Average  shank  diameter -0  *867  In.,  avwraga  ooabng  thicttness -0.000*1  In. 

47FLW-820  nut:  Average  ttoallns  thlcKness  -  0.000*0  In.,  average  coatng  and  EM-e2S6  ttickneaa  -  0.00064  In. 


TABLE  A*99.  TORQUE-TENSKDN  DATA  FOR  fVD  ALUMlNOfcILCOATED  BOLT  AND  FOR  t\T) 

ALUMINUM-COATED  NUT  LUBRJCAKT  WTTN  EM  CO«PORATX)N  EM-e2S6  AND 
THEN  BOTH  FARTS  LUBRICATED  WITH  FEL-PRO  5NCORPORATED  C-«vS 


Ti(t 

CycU 

No. 

RiiMiai 

Tw4M 

(hi  -Eb.  CW 
DiractiAB) 

Tai^M  Oa  Ivi  (b  41; 

— 

. 

Awtouad 

1sr(M 

(b-b. 

CCb 

OmstoM; 

Bal  Lt«l  (», 

Tafbt# 

|b  -•> 

— 

2.60(1 

— 

h.OU 

— 

T.m 

- , 

1C.6M  *:.U1 

36  MO 

r 

37.6M  2«.li0 

09 

1 

63 

12C 

(9C 

26: 

1 

J3S  42C 

40i 

6CC 

».’5 

3«C 

6C 

2 

SC3 

%a<. 

3 

233 

MC 

4 

24C 

M3 

5 

35 

60 

14: 

IOC 

213  1  3QC 

393 

40^ 

S'X 

3’3 

4: 

•  eld  noi  h«v«  *a>  k/b'icai".  :Cartew&i  *o*y**'y*>''d  («'yac»  U6C, 

b  E/W  Ccrpcnuon  mhr  tK  -cvac  3on<l*:  •<«!  •••  lar-'wuiw!  mottPairK^r'  Ja^inof  r  •  ymr  •»«•» 

Fal-Pro  Inco'po'tVK?  C  -HO'  5  ■  ■  pa>«  ODUMnmg  10>,  gr^«M  are  ICV  tan<i\i>«Be  tt  -rwa*  !*».'’  lft*4 

T?»  C-eCl  S  k/b^iar:  aw  i^paKl  a*w  »•  Ek-  ««  ca«c»'<;  •or  ».»«•’»  •••  »a»«aa  o'  rw  M  am  •«,< 

c  NASHOe  i:  bor.  A>ara^  t/w'V  d<ar«ia'  -  C  4kM  r  aw'ag*  racvaaa  -  C  OOCiAr  w 

e'yFL'A-ASO  nu!  A^aTifl*  ooa»«s  ■•  C  aOCA*  r  a<*ra(^  ooatng  ird  EW-A^M  -  0  OOC*?  r 


TABLE  A-100.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  TVD 

ALUMINUM-COATED  NUT  LUBRICANT  WITH  E^M  CORPORATION  EM-6286  AND 
THEN  BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tttl 

No.'Le 

Cycii 

No. 

Runniny 
Toniut 
(IR.-Ib,  CW 
Dirtctlon) 

Ton]ui  On  Nut  (in. -A) 

Brtikawiy 

Tprtjui 

(in.-!b) 

Running 

Torque 

(In.-lb, 

CCW 

Dincllon) 

Soil  Load  (lb) 

2,500 

5,000 

7,500 

10,000 

17,500 

20,000 

100 

1 

70 

110 

160 

225 

305 

370 

460 

540 

625 

3^0 

65 

2 

280 

825 

3 

270 

600 

4 

270 

600 

6 

35 

60 

140 

200 

265 

345 

415 

500 

600 

345 

40 

•  Nul  did  nol  havs  wax  lubricant  (Carbowax  Polyatti ylene  Glycol  3W)  appllad. 

b  EA/I  Corporaboo  EM-62S6  Is  an  air-curod,  bortded  sold  Elm  kjbrlcAnt  forniulalad  wiri  molybdefium  dtoultida  In  a  rosin  bindar. 
Fal-Pro  IncorporaUKl  C-601-S  kjbrkauit  Is  a  pasW  ocnlalnlnQ  50Si  tynIhaUc  graphita  and  50%pabolalum  lomxilated  to  trraal  MlL-T-6544. 
Tlx*  C-C01-S  lubricant  was  applied  ovar  ttra  EM-6286  lubrtcant  Both  krbncanls  wera  applied  to  tot  tt»«acis  ot  lha  bolt  and  nut. 
c  NAS1308  10  boll.  Avafaaa*hanl(diam8lar-0.4966  In.,  avaragacoaUngthlcluTact- 0.00039  In. 

47FLW-620  nut-  Aworsge  coaSog  thicitrrass  -■  0  000*3  to.,  avaraga  coating  and  EM-6286  toicknaas  -  0.001 26  in. 
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TABLE  A-101.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD 

ALUMINUM-COATED  NUT  LUBRICANT  WITH  E/M  CORPORATION  EM-6286  AND 
THEN  BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tift 

No***.* 

Cycle 

No. 

Running 
Torque 
(in.-lb,  CW 
Oiroction) 

Terquo  On  Nui  (in.-lb) 

Ortakaway 

Torque 

(ia.-lb) 

Running 

Tarqui 

(In.-lb, 

CCW 

DiradiDn} 

tnilLM<(lb) 

2,600 

6,000 

7,600 

10,000 

12,600 

15,900 

17,600 

20,000 

101 

110 

165 

220 

280 

335 

390 

475 

560 

676 

395 

110 

280 

625 

270 

625 

290 

625 

5 

SO 

90 

150 

220 

290 

360 

425 

510 

625 

360 

40 

«  Kut  dtd  not  hava  wax  lubricant  (Carbowax  PotyalhyttM  Gl^l  3350)  appUad. 

b  EA*  Corporaitori  EM'623S  la  an  air-curad,  bondad  aolid  llm  lubricant  tornutalad  wtVi  molybdanurn  dautfida  In  a  raain  bir  dar. 
F«l-Pro  irioorporatod  C-bOi-S  lubricant  It  a  pasta  containing  50%  ayntbaiic  graphlia  and  50%  patn>UtL>m  lormulaiadio  maaiM'L-T-bSaa. 
Tht  C-Mt'S  lubncant  was  applwc!  ovar  ths  EM-6286  lubricant.  Bobi  lubricants  wara  appliad  to  tta  ttvaads  of  lha  bolt  and  nut. 

C  NAS1309-10  boll  Avaraga  thank  dlamatar-O.aSBS  In.,  auaraga  coating  thidcnm- 0.00035  In. 

47FI.W-820  nut  Auaraga  oaaling  thicknaaa  -0.00046  ln.,ava)aga  coaling  and  EM-6286  fiicknaaa-O.OOtSOin. 
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I 

I 

I 

„  APPENDIX  B 

I 

I  TORQUE-TENSION  DATA  FOR  ALC  WHEEL  TIE-BOLTS 

FINISHED  WITH  IVD  ALUMINUM  OR  CADMIUM  AND 
I  LUBRICATED  WJTH  MIL-T-5544  GRAPHITE-PETROLATUM 

I 

I 

B 

I 

I 

! 

I 

I 

I 


I 


I 

I 


TABLE  B*1 .  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NLTT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Cycis 

Ne. 

Running 
Terqui 
(In.-lb.  CW 
Diradion) 

Tueqoa  On  Nut  (in.-lb) 

Brtakaway 

Terque 

(in.-lb) 

Ruitnlng 

Terqui 

(in.-lb, 

CCW 

Direction) 

loNLud  (lb) 

1.00D 

1.588 

1.888 

2.188 

1 

185 

8,100 

17,770 

27,530 

31,520 

36,340 

1,550 

110 

37,460 

37,290 

140 

11,120 

21.130 

30,250 

33,610 

1,500 

100 

42,150 

43,190 

8 

43,920 

9 

44,560 

10 

45,110 

11 

45,530 

12 

46,970 

13 

46,840 

14 

45,100 

15 

130 

12,500 

24,070 

34,260 

39,480 

44,710 

1,400 

100 

a  Nul  was  suppliad  with  a  wax  lubricant  (Carbp.wax  Polk^9lhyl«na  Glycol  3350)  apfriiad. 

b  Fel-Pro  Incorporalsd  C-601-S  lubricant  is  a  paste  containing  50%  synthetic  graphite  and  50%  petrolatum  tonnuiaied  to  meet 
MIL-T-S544.  The  C-501-S  lubricant  was  applied  to  the  threads  of  the  bolt  and  nut 

c  NAS632-tE:  Average  shank  diameter -0.7455  in.,  average  plating  thickness -0.00035  In. 

47FI.W-I2t6  nut:  Average  plating  thickness  -  0.00043  in. 


TABLE  B-2.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Ted 

No.'.‘.» 

Cycio 

No. 

Running 
Torquo 
(in.-lb.  CW 
Direction) 

Torque  On  Nut  (in.-lb) 

Breakaway 

Torque 

(in.-lb) 

Running 

Torque 

(in.-lb. 

CCW 

Direction) 

Bolt  Load  (lb) 

608 

1,000 

i.tno 

1,800 

2,100 

2 

1 

180 

10,970 

23,330 

33,640 

38,110 

42,640 

1,450  • 

160 

41,460 

41,790 

170 

0,690 

21.720 

31,920 

36,430 

40,940 

1,500 

180 

43,510 

42,660 

43,160 

42,780 

10 

44,020 

11 

45,730 

12 

44,220 

13 

43,700 

14 

42,900 

15 

160 

10,780 

21,170 

30,740 

35,600 

41,430 

1,450 

160 

a  Nut  was  supplied  with  a  wax  lubricant  (Carbowax  Pol>‘ethylene  Glycol  3350}  applied. 

b  Fel-Pro  Incorporated  C-501  -S  lubricani  Is  a  paste  containing  50%  synthetic  graphite  and  50%  petrolatum  brnnulaied  to  tneel 
MIL-T-S544.  The  C-501-S  lubricant  was  applied  lo  the  threads  of  the  boil  and  nut 

c  NAS632-16:  Average  shank  diameter  -  0.7482  in.,  avera^  >ating  thickness  -  0.00030  ki. 

47FLW-1216  nul:  Average  plating  thickness  -  0.00041  In. 
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TABLE  B-3.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-B01-S. 


Ttal 

No,*.*‘ 

Cyeli 

No. 

Running 
Tergui 
(in.-lb,  CW 
Diradion) 

Tergua  Dn  Nut  (in.-lb) 

Iraakaway 

Targua 

(in.-lb) 

Running 

Yargua 

(In.-lb. 

CCW 

Diradion) 

laRLud  (lb) 

■Bi 

1,000 

1,600 

1,000 

2,100 

3 

1 

190 

9.770 

20,800 

30,640 

34,590 

39,650 

1,600 

165 

39,010 

40.080 

40,990 

150 

11,000 

21,420 

32,140 

36,940 

41,760 

1,600 

185 

42,220 

6 

42,080 

9 

41,540 

.10 

42,090 

11 

12 

42,790 

13 

14 

15 

ISO 

11,050 

22.040 

32.440 

36,380 

43,230 

1,450 

170 

•  Nul  wtt  tupplwd  with  a  wax  lubricant  (CartiQwax  PolyattiylarM  (Slycol  3350}  applic^d. 

b  Fal-Pro  Incorporated  C-60t  -S  lubricant  is  a  paste  oontalr'ina  50%  aynthalic  graphite  ar>d  50^  petrolatum  formulated  to  maat 
|ytlL-T-5&44.  The  C-501-S  lubricant  was  applied  to  the  thremdaol  trie  brHt  and  nuL 

c  KAS632*ie.  Average  ahank  diameter -0.7483  In.,  avarage  platic^  tl'icttneas-O.OCOSI  In. 

47FLW-t2'l6  nut:  Avar  age  plating  ttiloknasa-O.OOOSO  In. 


TABLE  B-4.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUPJl-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  IHCORPORATED  C-601-S. 


Tast 

No 


Cyeli 

No. 


Running 
Terquii 
(In.-lb,  CW 
Diradion) 


7ait;ua  On  Nul  (In.-tti) 


Son  load  (lb) 


609 


1.000 


1.600 


1.U0 


1 

2 

3 

4 

6 

5 
7 

e 

S 

10 

11 

12 

13 

14 

15 


270 


120 


110 


5,320 

10,730 


14,210 


14,650 


19,620 


23,000 


23,480  28,000 


27.180 


31,450 


3,040 


35,790 


2.100 


Rraakaway 

Tnrgut 

(In.-lb) 


Running 

Targua 

(In.-lb, 

CCW 

Diradion) 


33,030 

35,200 

32,680 

35,340 

34,790 

36,410 

37,140 

38,130 

38,920 

37,170 

38,370 

39,780 

38,760 

37,820 

39,740 


1.600 


1,600 


1,600 


260 


130 


120 


a  Nut  had  a  wax  tubricani  (Carbowax  Polyathytent  GUytJoi  3350)  appilad. 

b  Fol-Pro  Incorporalod  C-M1  -S  lubricant  Is  a  paste  containing  50%  aynthatlc  graphlts  and  50%  pelroUlum  fonrulatad  to  meal 
MIL-T-5544.  Tha  C-801  S  lubricant  was  applied  to  fia  thraads  of  the  bolt  and  nul 

c  NA5532-18:  Average  shank  ctameier- 0.7484  in.,  average  coaling  thicKnaas- 0.00038  In. 

47F1.W-1216  nut:  Average  coating  thickness -0.00038  in. 
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TABLE  B-5.  TORQUE-TENSION  DATA  FOR  IVO  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


il 

Running 

Ter^ua  On  Nut  (in.-tti) 

Brtakiway 

Torgut 

(in.-lb) 

Running 

Torqui 

(in.-Sb, 

Tctl 

No»>.‘ 

Tenjui 
(in.-lb,  CW 

B6RL8«8(lb) 

H 

Oirtctlon) 

600 

1,000 

1.500 

1,800 

2,100 

vw¥r 

Oirittion) 

5 

1 

360 

4,600 

14,990 

24,190 

28,070 

32,480 

1,700 

315 

mm 

34,880 

34,820 

mm 

34,530 

n 

130 

10,430 

20,160 

28,060 

31,990 

35,790 

1,600 

140 

mm 

35,870 

V 

35,960 

8 

36,860 

9 

37,580 

10 

37,080 

11 

36,970 

12 

37,570 

13 

36,720 

14 

37,020 

15 

00 

13,650 

22,520 

31,540 

35,150 

39,210 

1,550 

100 

a  Nut  had  a  watt  lubricani  (Carbowax  Polyathytana  Giyooi  33S0)  uppliad. 

b  Fel-Pro  Incorporatad  C-601  -S  lubdcani  it  a  ^ta  oontalnlng  50%  aynihatic  graphiu  and  50%  patroiatum  toiTnulatsd  Ic  maal 
MIL-T-S5a4.  Tha  C-501-S  lubricant  was  appliod  la  dta  thraada  of  tha  boil  and  nuL 

G  NAS032-'I6:  Avaraga  ahank  dlwnatar- 0.7450  In.,  avaraga  Coating  thiclinaas -O.OOMIIn. 

47FLW-12te  nut:  Avoraga  coaling  thicknaac -0.00038  In. 


TABLE  B-6.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601 -S. 


Test 

No.*** 

Cyels 

No. 

Running 

Torque 

(ln.-lb,CW 

Ointetion) 

Torque  On  Nul  (In.-lb) 

Brtelcijwey 

Torque 

(In.-lb) 

Running 

Torqui 

(in.-lb, 

CCW 

Direcllsn) 

Bolt  Lead  (lb) 

600 

1,000 

1,500 

1.800 

2,100 

6 

320 

5,340 

17,420 

27,580 

31,940 

35,890 

1,500 

330 

35,730 

34,010 

35.850 

130 

8,360 

18,830 

27,630 

31,400 

36,030 

1.550 

120 

36.990 

36,280 

35,850 

36,740 

10 

36,290 

11 

36,260 

12 

36,360 

13 

36,640 

14 

35,800 

15 

100 

11,760 

20,560 

28,640 

31,650 

35,460 

1,550 

100 

a  Nut  was  suppliad  with  a  wax  lubricant  (Carbowax  Polyathyiana  Glycol  3350)  app!«d. 

b  Fal-Prc  Incorporaiad  C-OOt-S  lubricani  is  a  pasla  containing  50%  aynihatic  graphlla  and  50%  patroiatum  Icrmutalad  lo  maat 
MIL-T-S544.  Tha  C-801-S  lubricani  was  appliad  lo  tha  threads  of  tha  boil  andnul 

C  NAS632'18:  Avaraga  thank  dSamatar  -  0.7482  In.,  tvwraga  octatlng  iNeknata  -  0.00038  In. 

47FLW-12t6  nut:  Avartga  coating  tfiicknaaa  -  0.00036  in. 
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TABLE  B-7.  TORQUE-TENSION  DATA  FOR  IVD  ALUMiNUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tati 

Na 

CycIa 

Ntt. 

Running 
Tarqui 
(In.-lb,  CW 
Oira(itiO!i) 

Terqut  On  Nut  (in.-ft) 

Rnakawiy 

Tarqua 

(la.-lb) 

RunniHB 

Terqui 

(In.-lb, 

CCW 

Oirtciion) 

■cltLudOb) 

UO 

1,000 

1,500 

1,100 

2,100 

7 

1 

320 

7,650 

18,660 

28,430 

32,550 

38,920 

1,500 

220 

2 

43,770 

3 

43,160 

A 

42,170 

5 

140 

10,350 

20,770 

31,400 

35,950 

42,130 

1,400 

130 

6 

43,200 

7 

44,010 

6 

45,680 

9 

46,090 

10 

45,250 

11 

42,860 

12 

42,980 

13 

43,320 

14 

43,360 

15 

100 

13,290 

23,590 

34,190 

38,920 

44,470 

1,400 

130 

'  ...  -I  ...  I  l|  I  ■  I 

a  Nut  <*iis  cuppIlAd  with  a  wax  lubricani  (Corbowax  Polyathylana  Glycol  3350)  appliad. 


b  Fai-Pro  Incorporalad  0-601  -S  lubricarrt  is  a  paste  containing  50%  synthetic  granite  and  50%  patrolatum  bmxilatad  to  maal 
MIL-T-5544  The  C-601-S  lubricant  was  applied  to  the  threads  ol  the  bolt  and  nut 

c  NAS632-1B:  Average  shank  diamfitar-0.7465  in. .average  coating  thicki«ta-0.00041  in. 

47FLW-1216  nut:  Average  plating  thickness  >0.00030  in. 


TABLE  B-8.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-«01-S. 


Tatt 

Cyelt 

No. 

Running 
Torqut 
(In.-lb,  CW 
Diraclion) 

Torqua  On  Nul  (In.-lb) 

Breakaway 

Torque 

(In.-lb) 

Running 

Terqut 

(In.-lb, 

CCW 

Dindion) 

BollLoad(lb) 

— 

1.000 

1,509 

1,500 

2,100 

e 

1 

260 

6,930 

18,630 

30,320 

35,370 

42.110 

1,450 

310 

43,250 

160 

10,250 

21,750 

32,130 

37,650 

43,360 

1,450 

180 

6 

43,480 

7 

»ya.viM 

0 

42,b/U 

9 

43,540 

10 

41,650 

11 

12 

13 

43,420 

14 

44,680 

IS 

135 

14,090 

24.420 

33,850 

38,450 

1,450 

140 

a  Nut  was  suppliod  with  a  wax  lubricani  (Carbowax  Polyethyieno  Glycol  3350}  appllad. 

b  Fol'Pro  Incorporated  C-601-S  lubricani  is  a  paste  containing  50%  synthetic  granite  and  50%  pelrolahjm  fcmiutated  to  meet 
MIL-T-5544.  The  C-601-S  lubricant  was  applied  to  the  threads  ot  the  bolt  and  nut 

c  NA5632-18:  Average  shank  cfameter -0.74B2  in.,  average  coating  thicknesa -0.00039  in. 

47FLW-1216  nut:  Average  plating  toicknets  -  0.00039  in. 
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TABLE  B-9.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-e01-S. 


TmI 

Cyelt 

Nt. 

Rmnine 

Tirqua 

(in.-lb,CW 

Oiractisn) 

Ttiqua  Ob  Nut  (Sb.-B) 

Brukmay 

Ttmui 

(li.-lb) 

Running 

Tirqui 

(l«.4b, 

CCW 

Diraetien) 

loRLiad  (B) 

S90 

1,188 

1480 

1,U0 

2.188 

8 

1 

2S0 

e.290 

20,420 

30,810 

34,700 

30,900 

1,450 

310 

2 

40,750 

3 

42,090 

4 

42,140 

5 

140 

10,290 

20,500 

31,120 

35,430 

40,800 

1,400 

190 

6 

43,630 

n 

47490 

■9 

44.760 

H 

43,770 

10 

42,960 

11 

42,380 

12 

42,630 

13 

41,980 

14 

42,960 

IS 

110 

13,810 

23,170 

32,560 

37,300 

43.200 

1,400 

130 

a  Nu<  wu  with  •  wax  tubricanl  (Carbctwax  Pol/alhylana  Glycol  33S0)  appIM. 

b  Fal-Pro  Inoorporaiad  C-631-S  kibncani  it  ■  patio  oonuining  SOX  ayninalic  graphita  and  SOX  pabolaium  femwjlaiad  to  maat 
MII-T-SS44.  Tha  C-dOi  -S  lubricant  was  appiiad  to  lha  thraadt  of  tha  bolt  and  nuL 

C  KAS632-t«:  Avarag*  ahank  dtomaiar -0.7400  in.,  avaraga  coating  thichnaaa-O.OOOU  to. 

4m.W-t2ienut:  Average  piatingMoknata- 0.00042  to. 


TABLE  B-10.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EVERLUBE  1346  AND  THEN 
BOTH  PARTS  LUBRICATED  WITH  FEL-PHO  INCORPORATED  C-601-S. 


TBit 

No.'Li 

Cyelt 

Ne. 

Teniua  On  Nut  (In.-lb) 

Bnikawty 

Toiqui 

(in.-U)) 

Running 

Torque 

(In.-lb. 

CCW 

Direction) 

Son  Load  (lb) 

1,800 

2,108 

10 

1 

370 

2.760 

^4,810 

23,380 

27,600 

31,850 

1,700 

430 

37,630 

36,590 

37,040 

6 

170 

12,770 

22,580 

30,530 

34,520 

36,920 

1,600 

190 

6 

36,900 

7 

3b.620 

1 

36,310 

9 

36,670 

10 

36,820 

11 

36,280 

12 

35,870 

13 

35,760 

14 

34,900 

15 

130 

8,960 

17,640 

25,430 

28,860 

33,840 

1,600 

150 

a  Nut  (td  not  hava  a  wax  lubricant  (Carbowax  Polyatoytana  Glycol  KOO)  applad. 

b  E/M  Corporation  Everiuba  t34e  it  an  air-curad,  borviod  aold  Him  lubri^i  tormulalad  with  ntolybdarxim  dtoulfide  to  a  raain  bindar 
apacilically  lor  high  tomparalura  applications  and  aniisalzt  capablliiios.  Fal-Pro  ki  .orporaiad  C-601-S  lubricant  It  a  pasta  containing  SOX 
aynthelic  graphite  and  SOX  potrolalum  fenTXjIaied  to  nwai  MIL-T-S&44.  Tha  C-001-S  tubricanl  wai  appitod  over  tha  Evartuba  1340 
lubricant  on  toe  threads  of  tha  nui  ar>d  to  tha  tiraads  ot  tha  IVD  alumlnurTvcoaiad  bdl. 

c  NAS632-18:  Avoraga  thank  dianiatar -0.7403  to.,  avaragt  coating  tfacknoat  -  0.00041  to.  . 

47FI.W-1216r(ut:  Avarega  ooaiing  thtekrtaao  -O.OOOM  to.,  ayaraga  eoaling  anti  Evoriuba  1344  Ihicknast  -0.00067  to. 
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TABLE  B'11.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256  AND  THEN  BOTH 
PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  0601 -S. 


Tail 

Cyeli 

No. 

Running 
Terqui 
(In.-lb,  CW 
Diraction) 

Torquo  On  Nut  (In-'B) 

Brtakawsy 

Tnnjun 

(IR.-Ib) 

Running 

Torqut 

(In.-lb, 

CCW 

Diraction) 

Boll  LMd  (lb) 

680 

1.800 

150D 

1,100 

2,100 

11 

1 

340 

3,050 

13,170 

24.470 

29,200 

36,840 

1,600 

375 

S 

37,080 

3 

37,320 

4 

39,910 

5 

130 

7,690 

17,050 

24,910 

28,750 

33,690 

1,550 

150 

6 

35,950 

7 

36,310 

8 

35,610 

8 

36,040 

10 

36,700 

11 

37,480 

12 

37,010 

13 

38,890 

14 

38,670 

IS 

100 

10,270 

21,220 

29,530 

33,060 

37,210 

1,600 

100 

•  Nut  did  nol  h«vt  a  wax  lubrtcani  (Carbowax  Poli^lhylarM  Glyool  3350)  appiad. 

b  £/M  Corporation  EM-6256  bt  a  bondad  aolld  film  lubricant  btmuiatad  with  molybdenum  disulfide  In  a  resJn  binder  k>  produce 
iorque-tension  eharacteriatica  timliar  to  cadmium  eiedropUte  plus  wax.  Fel-Pro  Incorporated  C-601  -S  kibricanl  la  a  paste  containing 
50%  synthetic  graphite  and  50%  petrolatum  formulated  lo  meet  MIL-T-5S44.  The  C-60t-S  lubricant  was  applied  over  the  EM-62S6 
lubiicant  on  the  threads  of  the  nut  and  to  tha  threada  of  the  IVU  alunninum-ooated  bolt. 

c  NAS632-ia  bolt:  Average  alianb  dsmalar- 0.7462  In.,  avarage  coating  ttildmaaa  ~  0.00039  In. 

47PLW-1216  nut:  Average  ooatirtg  thicAnMS- 0.00041  In.,  average  coating  and  EM-62S6  iNcluieaa  -0.00061  In. 

TABLE  B-12.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WCTH  E/M  CORPORATION  EM-6286  AND  THEN  BOTH 
PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tail 

Cycli 

No. 

Running 
Torqui 
(in.-lb,  CW 
(lirscllon) 

Tarqtia  On  Nut  (In.-lb) 

Bnakawsy 

Torquo 

(in.-Ib) 

Running 

Torquo 

(In.-lb, 

CCW 

Dlraciiiiii) 

Boll  Load  (lb) 

600 

1.000 

1,600 

1,800 

MOO 

12 

1 

330 

5,250 

16,810 

27,930 

32,370 

40,070 

1,600 

320 

2 

39,160 

3 

38.580 

4 

38,940 

S 

170 

10,550 

20.810 

30,290 

34.250 

39.350 

1,550 

1S0 

6 

39,850 

7 

39,600 

6 

38,300 

8 

39,460 

10 

39,640 

11 

39,990 

12 

39,980 

13 

40,340 

14 

39,540 

15 

120 

12,510 

23,890 

32.160 

36,470 

40,640 

1,500 

110 

a  Nut  (id  not  have  a  wax  lubricant  (Cartcwax  Polyethyierte  Glyool  3350}  applied. 

b  C/M  Corporation  EIM-62&6  b  a  bonded  solid  film  lubricant  tornwlaled  virlUi  graphite  In  a  resin  binder.  Fel-Pro  Incorporaled  C-901-5 
lubricani  Is  a  paste  contalnir>g  50%  synllietic  graphlle  and  50%  petrolatum  (omnulaled  to  meet  MIL-T-5544.  The  C-601-S  lubricant  wt ; 
applied  over  the  EM-6255  lubricant  on  the  threads  of  the  nut  and  to  the  threads  of  the  IVTD  alumlnjrrvcoated  boh. 
c  NA5632-1B  bolt:  Average  shank  diameter  -  0.7465  In.,  average  coating  thickness  -  0.00042  in. 

47FLW-1216  nut:  Average  cxxatlng  thlckriess  -  0.00044  In.,  average  coating  and  EM-6286  thickness  -0.00096  in. 


181 


TABLE  B-13.  TORQUE-THNSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-BOl-S. 


Tnt 

Cycle 

No. 

Running 
Tirvua 
(In.-lb,  CW 
Oinetion) 

Tirqut  On  Nut  (la  .-lb) 

Braikitity 

Tirqui 

(in.-lb) 

Running  1 
Terqui  1 
(In.-lb. 
CCW 

DIractian) 

tell  Lm4  (lb) 

400 

TOO 

1.800 

1,300 

1.820 

13 

1 

100 

7,340 

14,890 

23,300 

30,830 

38,550 

1,000 

100 

2 

35,970 

3 

33.980 

4 

33.250 

5 

SO 

8,050 

14,530 

22.340 

25.010 

33,410 

1,025 

75 

6 

33,260 

7 

34,830 

8 

34,380 

B 

33,860 

10 

34,180 

11 

32,220 

12 

31,730 

13 

32,000 

14 

31,680 

15 

so 

8,770 

14,210 

21,010 

27.020 

31,510 

1,050 

80  1 

,1 - 

•  Nut  iMu  MJppItvd  with  ■  wax  lubricani  (Cerbowtx  Polysth/ten*  Cilyool  3350)  appiiad. 


b  Fcl-Pro  IncKxporaiod  C-ilOt-S  kibrvcani  1«  a  pMl«  oentaining  50%  tynthatic  giapblto  and  50%  pabolatjm  bmiulaiad  to  maat 
MIL>T-SSi4  .  Tba  C-tfOi-S  lubricani  waa  aj^pliad  to  tia  thraada  of  tha  bolt  and  nut 

e  GYtaiO-3S  bolt:  Avariga  i^ank  diamator  •'0.6236  in.,  avaru^o  pUUng  thictotoaa- 0.00040  in. 

47FLW''i01Snul:  Avara(}t  olating  tilcAnada -0.00037  in. 


TABLE  B-14.  TORQUE-TENSON  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


— 

Tad 

Na 

Cycli 

No. 

Running 
Tarqua 
(in.-lb,  CW 
Oiraction) 

Ygrqua  On  Nut  (in.-fli) 

Bnikiwiy 

Torqua 

(in.-lb) 

Running 

Torqua 

(In.-lb, 

CCW 

Oiraction) 

Boll  Land  (lb) 

400 

700 

1,000 

1,300 

1,620 

14 

1 

115 

7,450 

14.660 

23,070 

27,780 

34,430 

075 

110 

2 

32,450 

3 

32,740 

4 

33,990 

S 

80 

7,000 

1 ‘3,810 

22,100 

28,370 

34,310 

1,000 

65 

6 

34,480 

7 

OA 

8 

34,480 

0 

33,770 

10 

32,030 

11 

31,100 

12 

31,030 

13 

32,480 

14 

31,570 

15 

70 

8,690 

14,220 

21,060 

25,300 

32,040 

1,050 

70 

a  Nut  was  supplied  with  a  wax  lubricant  (Carbowax  Polyethytona  Glyool  3350)  applied. 

b  FoFPro  Incorporiiad  C-601  -S  lubricatti  Is  a  pasta  ocntalning  50%  synthaiic  graphite  and  50%  patrotatom  brfrxjlaiad  to  maat 
MlL-T-5544.  The  C-OOt-S  lubricant  was  applied  to  Hia  threads  of  tha  boh  and  nut 

c  GYt610-3C  bolt:  Average  thank diairtstar -0.6236  in.,  average  plating  IMcitnats  -  0.00044  in. 

47FLW-1018  nut:  Average  piating  filckness- 0.00038  in. 
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TABLE  B-15.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  Wmi  PEL-PRO  INCORPORATED  C-601-S. 


TtEl 

Mo.s.t.t 

Cycli 

No. 

Running 

Tnniun 

(in.-lb.CW 

Clraeilcn) 

Terqun  On  Nut  (In.-ft) 

Braakmray 

Tergun 

(ln..ttl 

Running 

Tnrqut 

<l*i.-tt. 

CCW 

Dfnelion) 

IsBLwi(n)) 

400 

700 

1.000 

ijoa 

1.C20 

15 

1 

115 

7,490 

14,160 

21,480 

26,550 

33,190 

1,000 

95 

32,660 

32,020 

35,040 

8,490 

14,100 

22,040 

28,920 

34,970 

1,050 

00 

34,430 

BciiSTifl 

9 

10 

11 

35,320 

12 

35,610 

13 

35,780 

14 

35,120 

IS 

70 

9,96(1 

15,160 

22,550 

28,360 

34.800 

1,050 

75 

■  Nut  wat  aupplisd  with  «  wtx  lubricant  (Carbowax  Pot/alhyiana  Gtyool  3350]  applied. 

b  Pal-Prc  Incorporatad  C-Ml  -S  lubiicani  la  a  pasta  cxtnuining  50%  tynihalic  gtaphlw  and  50%  paboUlum  k>mxjlai«d  to  maat 
MiL-T^5544.  Tba  C-eoi-S  lubricant  waa  applied  to  the  threads  of  the  bc^  and  n«iL 

e  GVl at 0-36  boll:  Avaraos  shank  diamotar- 0.6237  In.,  averaoepiatinsthlcltnaea- 0.00040  In. 

47Fl.W-10t8  nut:  Avaraea  plating  tiioknaat  -0.00036  In. 


TABLE  B-ie.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  PEL-PRO  INCORPORATED  C-601-S. 


Till 

Ns 

Cycli 

No. 

Running 
Torgut 
(in.-lb,  CW 
Dlractlon) 

Toigus  On  Nut  (En.-fli) 

Brtabiwty 

Torqut 

(in.-lb) 

Running 

Toniut 

(In.-lb, 

CCW 

Difaction) 

Boll  Load  (U)} 

400 

700 

1.000 

1,300 

1,620 

16 

1 

150 

6.790 

11,670 

ITT  ft-lft 

s  e  «v  1  V 

23,430 

28,530 

1,150 

130 

2 

25.290 

3 

28,870 

4 

28,640 

S 

70 

6.200 

12,260 

19,800 

24.770 

29,520 

1,050 

75 

6 

30,520 

•t 

25.240 

8 

26.570 

9 

27.670 

10 

27,680 

11 

28,060 

12 

27,980 

13 

27.760 

14 

28,120 

15 

60 

7,420 

13,590 

20,020 

24,300 

28,460 

1,100 

60 

a  Nut  a-as  suppliod  with  a  wax  lubricant  (Carbowax  Polysthytona  Glycol  3SS0)  appliad. 

b  Fel-Pro  Incorporated  C-601-S  lubricani  Is  a  paste  containing  $0%  a^nihetic  graphlle  end  50%  poVdatum  formulaied  to  maat 
MIL-T-5544.  The  C’60l-S  lubricani  was  applied  to  tie  threads  of  ths  bolt  tLid  nul 

c  GVl 6 10-36  bolt:  Average  thank  diameter-0.6233  In.,  average  coating  lhickn«M-0.D0036  in. 

47FLW-101S  nut:  Average  coaling  thickness -0.00034  te. 
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TABLE  B-17.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITM  FEL-PRO  INCORPORATED  C-€01-S5. 


Running 
Tirqun 
(In.-lb,  CW 
Diniction) 


Ttrqui  On  Nut  (in.-lb) 

Ion  Lead  (ft) 

400 

— 

1.BDS 

UOO 

1,S20 

3,620 

8,680 

16,210 

21.200 

26,880 

28.400 
28,570 

27.400 

6,600 

13,110 

18,090 

23,060 

27,810 

28,890 

27,410 

28,170 

28,470 

29.800 

20,710 

2S.DE0 

28,700 

28,640 

e.KQ 

14,110 

20,090 

24,930 

29,340 

Braahiway 

Terqui 

(in.-lb) 

Runniny 

Terqui 

(bi.-lb. 

CCW 

Dtractisn) 

1,100 

195 

1.150 

100 

1,050 

75 

a  Nut  wu  auppliad  with  a  wax  lubrica/ii  (Cartxowax  Pol^-etbytana  Olyool  3350)  appliad. 

b  Pal-Pro  Incorporaiad  0-501 -S  lubricant «  a  pasta  ooniairtittg  50V  aynthatic  grapblla  and  50V  palrolaLirr  lonnulaiad  to  nwet 
MIL-T-5544.  Tha  C  "dOl-S  lubricant  was  applied  to  tha  thraads  o(  tba  boM  and  nuL 

c  avi8tO-36  bott:  Avaraga  ahank  diamatsr-0.e234  in.,avaraoa  oe«tingthk:4«>aaa-0.00040  In. 

47FLW-101B  nut:  Avaraga  ooatirtg  thickrtaat  -  0.00037  bt. 


TABLE  B-18-  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Torque  On  Nut  (In.-lb) 

Son  Load  (lb) 

400 

700 

1,000 

1,300 

1,620 

3,310 

8,230 

13,200 

17,060 

21,790 

23,960 

29.210 

30,150 

9,200 

15,170 

21,100 

25.230 

29,260 

30,130 

29,950 

26,rr0 

29,580 

20,120 

30.540 

23,900 

29,760 

30,320 

8,100 

15,370 

21,320 

25,290 

30.140 

Braakawny 

Torttua 

(In.-lb) 


a  Nul  was  suppliod  with  a  wax  kjt  'leant  (Carbowax  Potyaihytarw  Glycol  3350)  appiiad. 

b  Pal-Pro  Incorporatad  C-601-S  t.oricant  is  a  pasta  oontalnlng  50V  aynthatic  Qr^lie  and  50V  patroialum  tonnulatod  tp  moot 
MIL-T-55M .  The  C-601  -S  lubricant  was  applied  to  toe  threads  of  tha  bolt  and  nul 

c  GYlSlO-ae  bolt:  Avaraga  ahank  diameter  ~ 0.6231  In.,  average  coalir^g  VwdevMa -0.00038  in. 

47PLyM018  nut:  A varag*  piabng  toicknaaa- 0.00036  In. 
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TABLE  B-19.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601‘S. 


Tift 

Cycit 

Ko. 

RunniAO 
Tirqui 
(in.-lb.  CW 
Olraetlon) 

Ttrqui  On  Nut  {ia.-tb) 

Brsakaway 

Tarqut 

Running 

Torque 

(In.-tb, 

CCW 

Diradion) 

B0Bloa4(ib) 

400 

780 

1.800 

1400 

1,820 

IS 

1 

70 

10,050 

18,060 

27,160 

38,810 

40,320 

G60 

37,810 

37,470 

38,290 

60 

9,640 

16,330 

24,380 

33,110 

38,140 

1,050 

80 

37,680 

37.120 

8 

37,050 

9 

37460 

10 

37,270 

11 

36,550 

12 

36,960 

13 

37.640 

14 

37,250 

15 

4S 

11,000 

17,200 

24,530 

31,780 

36,590 

1,050 

50 

>  Nut  was  »uppli»d  with  t  wax  lubricant  (Carbfiwax  Potyathytena  Glycol  3350)  appliad. 

b  Fal-Pro  Incorporatad  0-601  -G  lubricant  is  a  pasta  containing  50%  synthetic  graphite  and  50%  petrolatum  fonnulated  to  meet 
MIL-T-S544.  The  C-601-S  kjbricanl  was  applied  to  toe  threads  oF  toe  bolt  and  nuL 

C  Gyi810-36  buFt:  Average  ahank  daiLrmlsr-0.(l234  In.,  average ooatng  toicl<naea-0.00035  In. 

47FIVM-1 0 1 8  nut;  Average  plating  toickneas  -  0 .00040  in. 


TABLE  B-20.  TORQUE-TENSK3N  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITM  FEL-PRO  INCORPORATED  C-601-S. 


Ted 

No.*-*'* 

Cycli 

No. 

Running 
Torque 
(in.-lti,  CW 
Oireclion) 

Torque  On  Nut  (in.-li)) 

Brsikuway 

Torque 

(iii.-lb) 

Running 

Torque 

(in.-lb, 

CCW 

Dindion) 

Son  Load  (lb) 

400 

709 

1,000 

1,300 

1,620 

20 

1 

70 

8,210 

14,960 

23,900 

32,060 

37,250 

1,000 

75 

34,640 

33.490 

33,630 

60 

9,120 

14,320 

21,800 

29,480 

34,820 

1,050 

60 

35,010 

34.740 

35,980 

10 

35,670 

11 

36,440 

12 

36,580 

13 

36,870 

14 

36,050 

15 

60 

0,990 

16,450 

24.230 

31,250 

36,580 

1,050 

i  a  Nut  was  supplied  with  a  wax  lubricani  (Carbowax  Polyetoyierie  Glyool  33S0)  applied. 

b  Fal-Pro  Incorporated  C-601  -S  lubricant  is  a  paste  containing  50%  synthetic  graphite  and  50%  pelrolakjm  brmutated  to  meet 
MII.-T-5544.  The  C-601-S  lubricant  was  applied  to  toe  threads  o(  toe  boS  vtd  nut 

e  OYt 8 10-36  bolt:  Average  shervkdbirrieter- 0.8231  In.,  average  ooatng  toicknaas  -  0.00037  fat. 

47FLW-1U18  nut:  Average  platkng  toiokneas  -  0.00041  fat. 
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TABLE  B-21.  TORQUE-TENSION  DATA  FOR  FVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITW  FEL-PRO  INCORPORATED  C-601-S. 


Tnl 

No.'-L* 

Cyeli 

Ne. 

Running 
Tonjut 
(in.-lb,  CW 
Oiradion) 

Targut  Or  NuI  (in.-tti) 

Braakaway 

Torqua 

(la.-lb) 

Running 

Torqua 

(In.-lb. 

COW 

Ditadlon) 

loltLaad(lb) 

400 

700 

1.8D0 

1,t00 

1,620 

21 

1 

120 

6,910 

14,450 

22,390 

30,930 

37,070 

1,100 

130 

3.250 

33,120 

33,130 

80 

8,100 

13,800 

20,880 

28,340 

33,030 

1,150 

85 

6 

32.410 

H 

32,560 

mm 

32,760 

n 

32,030 

10 

33,060 

11 

33.810 

12 

33,760 

13 

33,490 

14 

33,630 

IS 

60 

0,000 

14,610 

21,770 

29,560 

33,690 

1,100 

65 

a  Nui  waa  tuppliad  with  a  wax  lubricant  (CartMwax  Pol/cihytena  Glycol  3350)  applied. 

b  Fal-Pro  Incorporalad  C-dOI-S  lubricant  is  a  pasts  containing  50%  synthetic  gra^ils  and  50%  potroUtuni  tormulatsd  to  mset 
MIL-T-5544.  Ths  C-501-Shjbricani  wasapplisd  to  bis  threads  of  the  bolt  and  nuL 

c  GYlBIO-ae  boh:  Avwags  shank  ciiarTwtsr-0.S236  In.,  average  coaling  lhldu'«ss-0.t>004i  bi. 

47PLW-I0ie  nut:  Avorags  piaUngtilcknasa- 0.00034  In. 


TABLE  B-22.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EVERLUBE  1346  AND  THEN 
BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tatt 

No 

Cyeli 

No. 

Running 
Torqua 
(in.-lb,  CW 
Diradion) 

Torqua  On  Nut  (in.-B) 

Brankaway 

Torqua 

(in.-lb) 

Running 

Torqua 

(In.-lb, 

CCW 

Diradion) 

Soil  Loid  (lb) 

400 

700 

1,000 

1,300 

1,620  1 

22 

1 

280 

3.320 

11,130 

18,750 

26,150 

1,150 

220 

29,340 

24,960 

95 

7,770 

12,750 

18,410 

23,700 

27,300 

1,200 

90 

26,770 

28,020 

8 

29,060 

9 

28,690 

10 

28,840 

11 

28,330 

12 

27,920 

13 

28.240 

14 

27,950 

15 

60 

6,810 

13,010 

18,570 

24,480 

28,400 

1.200 

65 

a  Nut  dd  not  havs  a  wax  lubricant  (Carbowax  Poysk i/isrxs  Glyool  3350)  applad. 

b  E/M  Corporation  Everlubs  1346  is  an  sir-curad,  borKied  sold  titn  lubricant  fonTwlitod  with  molybdenum  disuttids  in  a  rssin  blndsr 
specincally  (or  high  Wmperalurs  applications  and  aniJselis  capabilities.  Fst-Pro  Incorporated  C-OOt-S  lubrfcaLht  is  a  paste  oonlairilng  50% 
synthetic  graphite  and  50%  pelruUtuni  tsrmulaled  to  meet  MII  .-T-5544.  The  C-BOt-S  kibricwil  was  applied  over  ttw  Everlubs  1345 
lubricant  on  the  threads  of  ths  nut  ttnd  Id  the  threads  o(  tfie  IVC  alumlnum-oosled  bolt.  « 

C  GY1 81 0-36  bolt:  Average  shank  diameter -0.6231  In.,  average  ooabng  Sirckneas -0.00041  In. 

47FI.W-101B  nut:  Average  coaling  thkduiets  -  0.00037  in.,  average  coating  and  Evertubs  1346  thiduiets  -  0.00061  in. 
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TABLE  B-23.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EVERLUBE  1346  AND  THEN 
BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Test 

Cytli 

No. 

Donning 

Torquf 

(In.-ib.CW 

DIrictlon) 

Ttniii*  On  Nut  (iR.-lb) 

Driakswiy 

Terqua 

(IR.-Ib) 

Dunning 

Terqui 

(In.-tb, 

CCW 

OIrietlon) 

DoHLonKlb) 

400 

700 

1,000 

1,«k0 

1.S20 

23 

1 

180 

8,370 

15,340 

21,700 

29,360 

35,960 

1,150 

200 

35,130 

35,190 

34,510 

CO 

S,600 

16.SS0 

23,040 

28,060 

33,650 

1,250 

00 

31,830 

30,890 

30,250 

S 

29,710 

10 

29,630 

11 

30,820 

12 

28,880 

13 

29,720 

14 

29,200 

IS 

fiS 

8,670 

i6.t.-: 

22,710 

28,270 

31,650 

1,200 

60 

t  Nut  did  r«t  htv*  a  wai  lubricant  (Carixwax  Potyttbjrlaria  Ql)iool  33SO)  applwd. 

b  E/Vf  Corporation  Evarluba  1346  it  an  alr-oirad,  tondad  lolid  film  kjbncant  formulatad  with  molybdunum  diaulfida  In  a  raiin  bindar 
apacifically  lor  hisb  tamparalura  apfyieationt  and  f  ntitada  oapabilibat.  Fat-Pro  bioorporatad  C-COt-S  lubricant  it  a  pot  la  conlairiing  50% 
aynthatic  grapfilla  and  50%  patrolatum  (orrrulalad  to  moat  MIL-T-S544.ThaC-60t-Sluw  .antwai  appliad  ovtr  pit  Evarluba  IMS 
lubricani  on  iha  thratpt  ol  the  nut  and  to  tba  diraadi  of  tia  IVD  aluminum-coatad  boll 

e  GYttto-Sf  bolt:  Avtrtga  thank  diamalar  - 0.6?3'l  in.,  avaraea  coatng  (rtcAnatt- 0.00033  In. 
aTFLW-tOta  nut  Avaraga  OMbns  tticknatt- 0.00034  In.,  avoragt  ooalnfl  and  Evartiiia  1340  thlcknaai  -  0  OOOC  In. 


TABLE  B-24.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256  AND  THEN  BOTH 
PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tilt 

No.'M 

Cycli 

No. 

Running 

Torqub 

(In.-lb.CW 

Dinction) 

Torqui  On  Nut(lD.-lb) 

Brtakaway 
Torqui 
(in. -lb) 

Running 

Torqui 

(in.-lb, 

CCW 

Dincllon] 

BonL»ad(lb) 

400 

700 

1.000 

1,300 

1,620 

24 

1 

190 

4.690 

13,010 

20,880 

29,810 

36,100 

1,100 

CM 

2 

34,920 

3 

33,700 

4 

34,130 

5 

80 

6,840 

15,500 

21,310 

27,310 

32,540 

1,150 

100 

6 

33,620 

7 

31,090 

a 

Q 

31,780 

0 

31,800 

10 

31.570 

11 

20,930 

12 

30,130 

13 

30,420 

14 

29,520 

15 

55 

10,730 

16,590 

22,320 

28,140 

30.450 

1,050 

65 

•  Nut  cSd  not  hava  a  wat  lubriipant  (Cartowax  Pulyethy'lma  Glyoof  3350)  applad. 

b  E/M  Corporation  EM -6256  is  a  bonded  aolid  dim  kiUicanl  formulated  with  molybdanum  dlauttlda  In  a  resin  binder  to  produce 
iorque-lension  characteristics  similar  to  cadmium  aleciroplats  plus  wax.  Fet-Pnp  Inoorpotaled  C-dOl  -S  lubricant  It  a  pasta  conlaining 
S0%  synihetic  graphite  and  50%  patrolatum  formulated  to  meat  MIL-T-5544  The  C-dOI-S  lubricani  was  applied  over  the  EM-e250 
lubricani  on  (te  tiiraads  of  the  nut  and  to  tfia  ftraads  of  the  IVD  aluminum-coaled  bolt. 

c  G Vie  10-36  bolt.  Avorago  shank  diameter -0.6231  In.,  averace  coating  tfiicluiest- 0.00040  In, 

47FLW-101S  nut:  Averts  oriating  rlcAnasa -0.00036  in  .  averaga  ooabng  and  EM -6256  IhicAneet -0.03053  in. 
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TABLE  B-25.  TORQUE-TE.'iSION  DATA  FOR  SVD  ALUMINUM-COATED  BOLT  AND  JVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256  AND  THEN  BOTH 
PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tost 

Cyelt 

No. 

Aunnlng 
Torqui 
(In. -lb,  CW 
Dlrastlon) 

Tacqui  On  Nut  (in.-tb) 

Irttkimv 

Ttrgui 

(In.-lb) 

lUinning 

Torqui 

(In.-lb, 

CCW 

DIrtetion) 

•alt  L88II  (Itii 

400 

700 

1,000 

1,300 

1,120 

2S 

1 

200 

5,560 

11,950 

20,520 

26,4/0 

33,710 

1200 

ISO 

29,990 

29,950 

32,530 

5 

85 

B,540 

15,040 

21.1f0 

26,840 

31,580 

120. 

90 

6 

30,780 

B 

'40,870 

Mm 

32,020 

Kl 

31260 

10 

30,730 

11 

31,160 

12 

31,770 

13 

31,580 

14 

31,110 

15 

55 

9,490 

15,510 

20,960 

26,660 

30,860 

1200 

65 

•  Nut  did  not  h«vt  i  ««>  lubnctnt  (C«rbovw  Potyitti/ttn*  Glycol  33S0)  ippliod. 

b  E/M  Cfirpomtion  EM'62S6  it  (  bondod  tolid  film  lubAcant  formulttod  with  molybdonim  dilulfid*  In  a  l•lm  binO*/  IS  ptbduo* 
torqut-ltniion  chnractoriftict  timila/ 1>  cadmiurp’tlactropUM  plutwax.  Fal-Pro  Inoorpoitltd  C-601-S  lubricant  it  a  parit  oonbuning 
50%  tynthttic  g-apriit*  and  50%  patrolatum  formulattd  to  matt  MIL‘T-5544.  Tha  C-^1-S  lubricant  Mat  appliad  ovtf  lha  EM-52S6 
kibrictnl  on  tha  tfiraadt  of  tba  nut  and  to  tttt  ihraadt  of  tfia  iVO  aluminum-ooatad  bolt 

c  GYiatO-ae  bolt  Avarapathankdiamttar-'O.CSSOjn.,  avari^ooalingtoicknaaa-O.OOCaOln. 

47R.W-1018  nut  Avaragt  ooabng  thicAnaM -0.00038  in.,  avaiagt  ccabng  and  EU .8256  iMetinau  -  0.0OO4t  in. 


TABLE  B-2e.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E'M  CORPORATION  EM-6286  AND  THEN  BOTH 
PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-eoi-S. 


Tist 

No.'‘« 

Cycli 

No. 

Running 
Toiqut 
(In.-lb,  ew 
Olradlonj 

Torqui  OnNul  (In.-lb) 

Briikiwiy 

Targui 

(In.-lb) 

Running  I 
Torqui 
(In.-lb. 
CCW 

DIrictlon) 

Sun  Luid  (lb) 

400 

700 

1,000 

1,300 

1,820 

26 

1 

180 

5,880 

13,570 

21,990 

29,680 

31,820 

1,000 

200 

29,590 

30,430 

28,830 

5 

80 

8,700 

15,230 

21,040 

26,630 

28,570 

1,050 

110 

6 

28,840 

B 

29,810 

MM 

29,100 

9 

29,340 

10 

27,870 

11 

27,040 

12 

27,030 

13 

27,620 

14 

26,440 

15 

75 

7,020 

12,860 

18,620 

24,430 

26,290 

1,100 

a  Nut  did  not  hiva  a  wax  lubrlcanl  (Ccbowax  Pi  lytthylana  Glyool  3350)  appliad. 

b  E/M  Corporation  EM8286  it  t  bondad  tolid  film  lubricant  foanuiatad  wilb  grapriita  in  a  railn  bindar.  FatPro  Inoorporatad  C-6C1-S 
lubricant  it  I  patia  containing  50%  tynthatic  grapbita  and  50%  patrolatum  formulatad  to  maal  Mll-T-5544.  Tria  C-$01  -S  lubricant  waa 
appliad  ovar  tPa  EM82S6  lubricant  on  tha  tfiraadt  of  tha  nut  and  to  tha  tfvtadt  ol  tha  fVD  aluminum-cottad  bolt 
c  0^1810-36  bolt:  Avartga  thank  diamatar- 0.6232  in.,  avaraga  ooabng  fiiclinatt- 0  00040  In. 

47FLW-1018  nut:  Avaraga  coating  Ihicknatt  -0  00033  in.,  avaraga  coabngand  EM8286  thicknau  -0.00065  in. 
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TABLE  B-27.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6286  AND  THEN  BOTH 
PARTS  LUBRICATED  WTTH  FEL-PRO  INCORPORATED  C-601-S. 


Ttst 

No'.f'.* 

CyeU 

No. 

' 

Ronnlng 
Torriut 
(in.-lb,  CW 
Olroction) 

Tirguo  On  Nut  (iii.4b) 

Imkawiy 

Tirqut 

(li.-tb) 

Runnino  | 
Terqut  1 
(bi.-lh, 
CCW 

Oinelian) 

■olLnd  (lb) 

400 

7C0 

1.86D 

1400 

1.820 

27 

190 

7,090 

16.110 

24.010 

31,560 

37,310 

1,150 

210 

33,230 

32.920 

4 

30,440 

100 

8,370 

13.980 

19.570 

25,150 

29,480 

1400 

85 

32,200 

31,810 

29,820 

0 

30,540 

10 

30,100 

11 

12 

31,120 

13 

30,720 

14 

31420 

IS 

75 

8,800 

t 

14,500 

20,330 

26,360 

30.490 

1,200 

•0 

a  Nut  did  not  htva  «  wax  lubricant  (Carbowax  Polysihylana  Glycol  3350}  appicd. 

b  E/M  Cotporallon  EM-82e6  to  a  bonded  adld  film  lubricant  (oimuiatad  with  graphits  In  a  raaln  blndar.  Fal-Pro  Incorporatad  C-a01>8 
kibricaiil  ia  a  paaia  ODnialnlr>B  50%  ayrilhetic  grapbli*  arxl  50%  pairoiaium  tormulalad  to  meet  MIL-T-5544.  The  C-OOI-S  ktoricant  waa 
applied  over  me  EM-«286  lubricant  on  the  tiraadi  of  me  nut  and  to  the  thread*  of  me  IVD  aJuminutrvooaied  bolt 

c  GYteiO-36  boh:  Average  thank  diameter -0.5233  In.,  average  ooalinomiotmeca- 0.00034  In. 

47Fl.W-t015  nut:  Average  ooating  thIokAeaB  -  0.00034  in.,  average  ooattog  and  EM-5286  Ihicknaaa  -O.OOtOS  In. 


TABLE  B-28.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  &M  CORPORATION  EVERLUBE  1346  AND 
FEL-PRO  INCORPORATED  C-SOI-S. 


Teat 

Na.'-»A 

Cyelt 

No. 

Runrilnt 
Terqut 
(In.-lb.  CW 
Direction) 

Torque  On  Nut  (In.-lb) 

•reikiwiy 

Tsique 

(In.-lb) 

Running 

Torqui 

(In.-lb, 

CCW 

Direction) 

•on  Load  (lb) 

400 

700 

1.000 

1.300 

1,620 

26 

1 

0,130 

15,960 

23,030 

30,420 

36,190 

1,050 

80 

2 

30,010 

3 

25,650 

4 

25,760 

5 

65 

7,660 

13,370 

18,140 

22,670 

25,820 

1,100 

60 

6 

25,870 

f 

8 

?6,i60 

26.M0 

9 

26,880 

10 

27,070 

11 

26,680 

12 

28,000 

13 

27,540 

14 

27,690 

15 

25 

8,450 

14430 

19,650 

24,590 

27,080 

1,150 

30 

a  Nut  did  not  have  a  wax  lubricani  (Carbowax  Polyethylerw  Diyool  3350]  epplied. 

b  E/M  Corpo'etion  Evertube  1346  it  an  air-cured,  bonded  eoiid  Sim  tubricem  torTTTjbtad  vritr  nutybdenum  diauNide  In  e  retin  binder 
tpedlically  tor  high  lempereture  appl'celi^rii  and  antieize  ceipebililiet.  Fel-Pro  Incorporated  C-6Ct-S  kjbricunl  ii  t  patte  containing  S0% 
cynthetic  graphite  and  50%  petncletim  tormulted  to  meet  MIL-T-S544.Th*  C-501-5  Ivbricent  wet  applied  over  t.e  Everiube  ^346 
lubricant.  Both  lubricant*  were  applied  Ic  tie  thread!  of  the  bolt  end  nut 

c  GV1810-36  bolt.  Average  ahenk  diarnetar  -  0.6235  In.,  avarage  coatng  tiicknati  -  0.0CC36  In,,  avpage  ahank  damaler  with 
Evtriube  1346  -  0.6244  in.,  average  ooati'<o  and  Evarluba  1346  thickrveai  -0.00057 In. 

47FLW-1018  nut  Average  coating  tiuckneta  -0  00031  in.,  averaga  coating  and  Evedube  1346  lhkkr.a*(  -  0.00066  In. 
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TABLE  B-2S.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256  AND  FEL-PRO 
INCORPORATED  C-601-S. 


1 

Running 
Torgui 
(In.-tb.  CW 

Toroni  On  Nut  (In.-lb) 

Iriukiwty 

T8n|U8 

(li.4b) 

Running 

Tirqu* 

(ln.4b, 

Tilt 

Na.'AA 

Cydi 

No. 

Bolt  Load  (lb) 

blrtetlon) 

400 

TOO 

1.000 

I.MO 

1.020 

DIraction) 

29 

170 

7,130 

15,260 

24,730 

34,010 

39,100 

33,820 

32,920 

31,080 

1,000 

185 

1 

SS 

8,290 

14.4G0 

1 

20,060 

25.520 

1 

29,000 

27,690 

27,340 

28,840 

29,080 

29,010 

26,140 

28,740 

28,430 

28,610 

1,1S0 

100 

uu 

,  . 

8,100 

14,080 

19,370 

24,970 

27,940 

1,150 

85 

■  Nu1  cfid  nol  have  ■  a/u  hibricanl  (CarboiMx  Polytthylani  Glyool  33S0)  appliad. 

b  E/M  Coiporation  EM-62BS  ii  a  bondad  ao<>d  lilm  kibncanl  fcrmulatad  with  molybdanum  daulflda  in  a  raaln  bindar  to  piodjoa 
torqua-tantion  ehtractoritlicf  aimilar  to  eadrniunj  alaetroplitt  plut  wax.  Fai-Pro  Inoorpotatod  C-dOi-S  lubricant  li  a  patM  oonlalninp 
50%  aynthttic  graphiw  and  50%  paVolatum  lormulalad  to  maal  MIL-T-SSM.  Tha  C401-S  lubricant  waa  appliad  orar  tha  EM<2M 
kjbricanL  Botn  lubneania  wara  appliad  to  lha  tbraada  ol  Iha  bolt  and  nut 

e  GYiriO-3£  bolt  Avaiapa  ahank  damatar'* 0.(1233  In.,  avarapa  coabnetoiddiata- 0.00034 in.,  aararatp  diankdiainatoratito 
EM-6256  -  0.6237  in.,  avan^  osabnp  and  EM-62SE  tiietoiaaa  -  0.00056  in. 

47FLW-10lt  nut  Avarapa  coalng  tiicknaia  -  0.00040  in.,  evaraga  ooaline  and  EM-C2Sfi  tNuknau  -  0,00051  in. 


TABLE  B-30.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-8286  AND  FEL-PRO 
INCORPORATED  C-601-S. 


Running 
Torgut 
(In.-lb,  CW 
Oliictlan] 

Torguu  On  Nut  (ln.4b) 

Btiilciwiy 

Tirqui 

Running 

Ttiil 

Nu.*'*-* 

crtii 

N«. 

■uH  Load  (lb) 

(bi.-Sb, 

CCW 

Dlrttllon) 

400 

700 

1,000 

1,300 

1,120 

30 

H 

130 

8,120 

14,930 

23,480 

30,880 

35,460 

33,840 

32,350 

31,420 

1,050 

150 

K  « 

65 

6,660 

15,246 

20,790 

25,640 

30,120 

26.390 

29.390 
28,430 
27,830 
28,450 
28,230 
28,340 
28,560 
28,000 

1,100 

75 

UL. 

40 

9,770 

15,150 

20,320 

25,430 

28,380 

1,100 

SO 

a  Nut  ltd  not  have  a  wax  lubricant  (Car'oovwu  PolyaTiylana  Glyool  3350)  appliad. 

b  E/M  Coiporation  EM-6286  it  a  bondad  aolid  film  lubricant  tamajlalad  with  graphita  In  a  raain  bindar.  FaJ-Pto  toooT»r»lid  C-M1  -S 
kjtaiotnt  It  a  patta  containing  50%  aynthabc  giaphila  and  50%  patiolatum  Inimulatad  to  maai  MIL-T-5644.  Tha  C-601 -S  lub  icani  avt 
appiwd  ovar  tha  EM-C2a6  lubricani  Both  lubcanta  wara  appliad  to  tha  toiaadi  at  tha  bolt  pnd  nut 

c  GY1610-36  boh:  Avaraga  ahank  diamaltr- 0.5233  in.,  avaraga  coaling  thichnaM- 0.00038  In.,  avaraga  s-hank  ditiTiattr  <Mlh 
EM'62(6  -  0  6245  in.,  avaraga  ooctmg  and  EM-6286  thicknat*  -  0.00092  in. 

47FLW-1015  nut  Avaraga  coating  Ihieknei*  -  0  00033  in.,  avaraga  coating  and  EM-6286  thicknau  -0.00100  In. 


TABLE  B-31.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITM  FEL-PRO  INCORPORATED  C-B01-S. 


Tost 

Not,i,t 

Cyela 

No. 

Running 

Torgue 

(ln.-4b,CW 

Dirtclion) 

Torgui  On  Nul  (ln.-6} 

Rrenbrany 

Ttrque 

(In.-ib) 

Running 

Torque 

(iD.-tt. 

COW 

Oinction) 

l5XLM<(lb) 

UO 

MO 

UfiO 

1AM 

1,l« 

31 

1 

40 

13,150 

10,700 

25,630 

30,040 

34,940 

1A00 

20 

2 

36,540 

3 

38,120 

4 

38,420 

5 

20 

13,560 

18,270 

26,250 

33,180 

30,660 

1J200 

20 

40,650 

41,700 

40,770 

41,000 

10 

41,300 

11 

41,200 

12 

41A80 

13 

41,150 

14 

42,100 

IS 

20 

14,230 

21,280 

27,700 

37,000 

42,750 

1,150 

15 

■  It  bi  not  known  H  th«  nut  had  a  wax  lubricant  (Carbowax  Polyathytana  Gtyool  USO)  appliad. 


b  Fal-Pro  Incorporaiad  C-tSO  t  -S  lubricant  It  a  pasta  oontsinirtg  5<ni  aynthalic  graphlit  and  50%  pakotalum  fonnulatad  to  moat 
MIL-T-S5a4.  Tha  C-50t-S  lubricant  was  apptiad  to  tha  thraads  ol  tha  bolt  and  nuL 

c  MSi4iu-0904abolt:  Avaragtahankdamatar-O.seit  In., avaragt  coating  Moknaaa- 0.0004*  In. 

70602-010  itut:  Attorago  platlrtg  thioknaw -O.OOGOOln. 


'.’ABLE  B-32.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-BOl-8. 


Toot 

No.».».' 

Cycle 

No. 

Running 
Torquo 
(in.-lb,  CW 
Oirociion) 

Torquo  On  Nut  (in.-lb) 

Braskiwity 

Torque 

(In.-lb) 

Running 

Torquo 

(In.-lb, 

ccw 

Dlroction) 

RoR  lud  (lb) 

600 

600 

1AD0 

1,660 

1,860 

32 

1 

30 

13,540 

20,170 

27,200 

33,300 

37,110 

1A00 

KH.' 

37,530 

39,010 

40,310 

20 

16,220 

24,200 

30,560 

38,420 

42,750 

1,050 

44,200 

44,250 

44,350 

44,850 

10 

45,200 

11 

12 

13 

47,950 

14 

48,350 

15 

IS 

17,010 

24.510 

32,690 

41.350 

47,800 

t)50 

15 

a  It  It  not  known  If  Ota  nut  had  a  wm  lubricant  (Carbowax  Polyathyiana  Glycol  3350}  appliad. 

b  Fal-Pro  Inoorporalad  C-«0t-S  lubricanl  is  a  paste  oontalnlng  50%  aynthatie  graphite  and  50%  petoUtum  tormutsled  to  meal 
MIL-T-5S44.  Tha  C-601-S  lubricant  was  appliad  to  tie  threads  of  Ifw  buli  and  nul 


c  MS141 03-09045  boh:  A^eragt  thank  (tamtier  -  0.601 1  to.,  average  coaling  tiicknaaa  -  0.00035  bt. 
7'96Q2-0I8  nut.  Average  plaling  thlckneet -0.00047  to. 


TABLE  B-33.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATLD 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tail 

llo.«.».* 

Cyela 

No. 

Running 

Tirqui 

{In.-lb.CW 

Diradlon) 

Tarqua  Oa  Nul  (bi.-tt) 

Braakiwty 

Tarqua 

(Iw.-ib) 

Running 

Torque 

(In.-lb. 

CCW 

Dlradlsn) 

■oil  Lead  (lb) 

IQH 

M!M 

UOO 

1A60 

1,860 

33 

1 

30 

14,220 

22,160 

20,040 

35,830 

30,800 

use 

25 

39,340 

30,870 

40,680 

IS 

14.000 

21,530 

28,370 

35,040 

41,260 

1.20C 

15 

42,100 

41,750 

41,400 

40,060 

10 

40,720 

11 

42,610 

12 

43,210 

13 

42,360 

14 

42,050 

IS 

10 

16,300 

22,610 

20,240 

36,260 

42,510 

1,200 

10 

a  It  la  not  known  tf  t>a  nut  had  a  wax  lubricant, {Cafbowax  Poiyathytona  Glyool  3350)  ap(>Uad. 

b  Fal-Pro  Inoorporatad  C-401-S  kibricant  Is  a  pasts  containing  50%  aynthatic  grapltlts  and  50%  pcbolalum  tomtulatad  to  maat 
MIL-T-S544.  Ths  C-601-S  lubncani  was  appiisd  to  tbs  threads  of  Ihs  boll  and  nuL 

C  MSt4t63-0904<  bolt:  Auaragt  thank  diamsisi’- 0.561 5  In.. avarags  coating  thlcknsaa- 0.00072 In. 

7SS02-01lnui:  Avoragt  plating  thloknaat  >0.00062  in. 


TABLE  B-34.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Running 
Torqut 
(In.-lb,  CW 
Dindlon) 

Torqut  On  Nut  (in.-lb) 

Irtakawiy 

Torqua 

(in.-lb) 

Running 

Torqua 

(in.-lb, 

CCW 

Dindlon) 

Tid 

Ho.*.** 

Cyeli 

No. 

loll  Load  (lb) 

600 

000 

1.206 

1.666 

1.866 

34 

R 

30 

11.010 

17,620 

22,720 

27,610 

31,330 

25,040 

23,540 

28,150 

1.400 

25 

B  « 

K  S 

10 

11.640 

17,400 

21,340 

25,210 

28,070 

26,870 

27,520 

28,200 

26,780 

28,580 

20,140 

29,210 

20,420 

29,560 

1.450 

10 

15 

6 

12,410 

17,620 

22,380 

26,780 

29,750 

1.400 

5 

a  Nut  had  a  wax  kibflcant  (Carbowax  Polyaihjbsns  Glyod  3350)  appllad. 

b  Fel-Pro  Incorporalad  0-601  -S  lubricant  it  a  ptsis  conlalnlnc  50%  synthaUc  graphlls  and  50%  petrolatum  fcmnulalsd  to  maat 
MIL-T-5544.  Tha  C-601-S  lubricant  wu  applied  to  tot  thrsadi  of  ths  boh  and  nuL 

C  MS  141 63-09048  boll:  Average  thank  (iamslar- 0.5610  In.,  average  coaling  Ihicknasa -0.00050  In. 

76502-018  nut:  Aveng*  coaling  Ihickrvett  -  0.00044  in. 


I 
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TABLE  B-35,  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-B01-S. 


Ttit 

No,*.M 

Cycii 

No, 

Running 
Torque 
(in.-lb,  CW 
Dlroction] 

Torque  On  Nut  (in.-lb) 

Bretkawaif 

Tnrqui 

Running 

Tnrque 

(!n.-lb. 

CCW 

DInetion) 

loBLaad(lb} 

1^00 

i.iu 

1.8M 

35 

1 

40 

12,220 

18,080 

25,600 

32,180 

1450 

35 

33.310 

30,380 

32,300 

15 

13,110 

10,310 

24,050 

20,440 

33,680 

1,400 

IS 

31,240 

30,410 

30,500 

30,710 

10 

11 

20,380 

12 

28,290 

13 

28.340 

1 

14 

20,000 

1 

15 

10 

13,010 

17,630 

22,450 

26,690 

20,810 

1,400 

10 

a  Nul  had  a  wax  lubricant  (Carbowax  Polyathytana  Glyool  3350)  appliad. 

b  Fat-Pro  Ineorporatad  C-601  -S  lubricant  la  a  pasta  oontalniitg  50%  aynihatic  graphita  and  50%  palroiatum  fotnajlalad  to  maal 
MIL‘T-5544.  Tha  C-eoi-S  lubricant  «tras  applied  to  Pia  thraada  of  tha  bolt  and  nut. 

e  MS14l6309(MObolt:  Averaga  shank  diamotar-O.SeoS  in., atraraga  coaling  thicJtnait  >0.00044  In. 

7B5Q2-S1C  nut;  Avtoraga  coating  thicknaat  >  0.00045  in. 


TABLE  B-36.  TORQUE-TENSION  DATA  FOB  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WR-H  FEL-PRO  INCORPORATED  C-601-S. 


Tent 

No.*»‘ 

Cycia 

No. 

Running 
Tsrquo 
(In.-lb,  CW 
Ciraction) 

Torque  On  Nut  (in.-lb) 

Brtikawsy 

Torque 

(In.-lb) 

Running 

Torque 

(in.-lb, 

CCW 

DIrtcllsn) 

Bon  Load  (lb) 

600 

BOO 

1,200 

1,569 

1.860 

35 

1 

30 

11,610 

17.770 

24,640 

30,060 

35.040 

1,400 

30 

2 

30,250 

3 

27,660 

4 

30,010 

5 

15 

13,200 

18,740 

23,600 

2,849 

32,260 

1,400 

15 

6 

31,110 

7 

-3,057 

8 

29,500 

8 

20,140 

10 

30,760 

11 

30,210 

12 

30,020 

13 

29,840 

14 

29,420 

IS 

10 

11,430 

17,170 

21,640 

26,240 

29,090 

1,400 

10 

a  Nut  had  a  wax  lubricant  (Carboarax  Polyelhytona  Glycol  3350)  appJiad. 

b  Fol-Pro  tneorporatod  C-601  -S  ktoricaiit  la  a  pasta  containing  50%  ayrilhatic  graphite  and  50%  palroUtum  brmuittad  to  maal 
MIL-T-S544.  Tha  C-6C1-S  hibricanl  was  applied  to  tia  thraada  of  the  bolt  and  nul 

c  MSI 4163-00046  bolt:  Avarag*  shank  (fameler  -  0  5604  in.,  aversga  coaling  Ihicknaaa -0.00034  in. 

76502-618  nut:  Average  coaling  thicknaas  -  0.00047  In. 
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A 


TABLE  B-37.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-«01-So 


1 

I 


I 


i 


Test 

Cycld 

No. 

Running 
Torgui 
(in.-lb,  CW 
Direction) 

Tef«uaC:Nut(ii.-ft) 

Running 

Tergui 

(In.-lb. 

ccw 

DIraction) 

ReRLced  (lb) 

Iraakaway 

Tarqua 

(in.-lb) 

«00 

ROC 

1400 

1480 

1.K0 

37 

1 

30 

12,440 

10,410 

27,030 

34,510 

30,020 

1400 

25 

2 

40,120 

3 

38,870 

4 

40,620 

5 

15 

14450 

19,040 

28,010 

34,810 

40,480 

1450 

10 

6 

40,040 

7 

40,370 

8 

30.200 

8 

38.560 

10 

40.460 

11 

42,280 

12 

42,720 

13 

42,360 

14 

40, TOC 

IS 

6 

14,310 

20,350 

27,480 

33,000 

38.850 

1,300 

S 

a  It  ia  not  ttnown  If  iha  nut  had  «  wax  lubricani  (Carbswax  Polyathytana  Glyoot  3350)  ap(>liad. 


b  Fat-Pro  Inoorporaiad  C-SOt-S  lubrteani  ia  a  paaia  oonuinlng  so%  aynthatic  graphlia  and  90%  patrotahim  tormulatad  to  maat 
MIL-T-SS44.  Tha  C-401-S  iubrioant  wac  appliad  to  tta  thraadt  of  tha  boll  and  ihiL 

c  MSt4lU-0004B  boh:  AvaiagaahankdUmalar-0.seiOin..avaraoaooaiiitottidu>aaa-0.00041  h. 

7K02-918nut:  Auaraga  plating  Ihlsitnaaa  -  0.00046  In. 


I 

I 

e 

B 

I 

I 

I 


’•:  ..i 


I 


TABLE  B-3a.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-COI-S. 


Tati 

lio.s.L* 

Cycle 

Nc. 

Running 
Torque 
(In.-lb.  CW 
Diractien) 

Torque  On  Nut  (In.-lb) 

Breakaway 

Tarqua 

(in.-lb) 

Running 

Torque 

(in.-lb. 

CCW 

Direction) 

SoRLaad  (lb) 

ICO 

000 

1.200 

1,560 

1,860 

38 

1 

35 

12,450 

10,500 

27.120 

34,380 

40,280 

1,300 

40 

2 

42,100 

3 

43.950 

4 

42,180 

s 

20 

15,420 

22,500 

20,440 

36,820 

42,100 

1,300 

20 

6 

41,880 

7 

41,730 

8 

43,260 

0 

42,560 

10 

42,510 

11 

42,030 

12 

41,800 

13 

42,260 

14 

41,170 

15 

15 

14,050 

21,600 

27,730 

34,600 

39,840 

1,250 

10 

a  It  la  not  known  If  tia  nuf  had  a  wax  lubricant  (Carbowax  Polyathylaoa  Glyool  3350)  appliad. 

b  F«l-PfO  Ineorporaiad  C-001-S  lubricant  Is  a  paste  eonUInlng  50%  aynihalic  graphite  and  50%  patroUlum  fc>rmulalad  to  maat 
MI1.-T-5544.  The  C-60t-S  lubricant  was  applied  to  the  thraacfi  of  the  boh  and  rtuL 

c  MS1 41 93-09048  bolt:  Average  ahank  dtemelar  -  0.5608  In..  Bvaraga  coaling  IMehnaae -0.00041  In. 

70502-918  nut:  Average  plating  Ihbkness -~  O.OOOSS  In. 
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B 

B 

8 

B 

I 


B 

B 

B 


TABLE  B-39.  TOBQUE-TENSION  DATA  R3R  IVD  ALUMINUM^OATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  0401 -S. 


Tni 

MB*-*-* 

Cycia 

Nb. 

XMinliiB 
Tarqua 
(iii.'lb,  CW 
OIracticn) 

Tarqua  0*  Nut  (ia.48) 

Srtakiway 

Tarque 

RitnnlnB 

Tanjua 

(h.-tti. 

CCW 

Diractlan) 

■alLM4(fe) 

•00 

SCO 

ijno 

1AM 

1.U0 

39 

1 

35 

13.100 

20,970 

27.070 

34A20 

40,430 

1350 

30 

2 

39.880 

3 

37,510 

4 

39,050 

5 

IS 

13,780 

19,690 

26,230 

32,050 

37350 

1300 

15 

6 

37,610 

7 

37,180 

8 

37,760 

9 

36,870 

.10 

30.720 

11 

38,060 

12 

38,120 

13 

37,280 

14 

37360 

15 

10 

13,060 

10,080 

25.770 

31,640 

36,880 

1,300 

10 

•  It  it  nol  known  K  ft*  nut  had  a  wax  kibdcant’(Carbowax  Polyathytana  Glycei  U50)  apt^liad. 

b  Fal-Pro  Inoorporalad  C-601-S  lubricani  la  a  paaia  oontalninj]  90%  aynthetic  giaphito  atMt  50%  palrolalum  tormulatad  to  maal 
Mlt-T-5944.  Tha  C-e01  -S  lubricani  waa  apgiiad  to  fta  thraada  of  tha  bolt  and  nut 

c  MSt4l63-O0O4e  bon:  Avaraga  thank  dtomatar- 0.5007  In.,  avamgaooatlnstblcknaaa- 0.00040 in. 

7S602-eienut:  Avwraga (tiaiing tbickntaa > 0.00042 In. 


TABLE  B-40.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-«01-S. 


Tail 

Cyela 

Na. 

Running 
Terqua 
(In.-lb,  CW 
Oingctian* 

Tarqua  On  Nut  (la.-B) 

Brvakawity 

Tarqua 

(la.-lb) 

Runninp 

Tarqua 

(In.-lb. 

CCW 

DIrtdIon) 

Holt  Lead  (lb) 

M 

100 

150 

200 

260 

40 

1 

20 

080 

2.994 

4.920 

6,652 

8,030 

145 

20 

2 

7.287 

3 

7,976 

4 

8,011 

5 

10 

2,233 

4,138 

6,702 

6,891 

8,052 

145 

10 

6 

7,886 

f 

u»4S0 

8 

8,550 

0 

8.024 

10 

8,530 

11 

8.570 

12 

8,260 

13 

8,054 

14 

8,760 

15 

10 

1,914 

3,969 

5.863 

7,415 

6,550 

140 

10 

a  Nut  was  auppliad  with  a  wax  lubricant  (Carbowax  Polyetfiyiat>a  Glycol  3350)  appliad. 

b  Fal-Pro  Incorporatad  G-001-S  lubricani  la  a  pasla  oonitining  50%  aynthalJc  gra^lia  and  50%  pakoUlum  tormulatad  to  rrraat 
MIL-T-S544.Tha  C-001-S  lubricant  was  applrnd  to  tit  Ihraads  of  the  bolt  andnuL 

c  MS212S0-05016  bolt:  Avaiags  shai^  iiuimal«r-0.311S  to., avanige  coating  ihicknasa -0.00040  In. 

42FLW-524  nut;  Avorags  plating  mickn**i  -  0.0004 1  in. 
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TABLE  B-41.  TORQUE-TENSIGN  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITN  FEL-PRO  INCORPORATED  C<«01-S. 


Test 

Cycle 

No. 

Kunninp 

Teniut 

(in.-lk,CW 

Oirection) 

Terque  Or  Nut  (la.-tt) 

Iraakeway 

Terque 

(la.-tti) 

Runnino 

Terqua 

(Ir.-lb, 

COW 

OIrtction) 

BeHLMd(lb} 

80 

100 

ISO 

200 

2S0 

41 

20 

1,707 

3,500 

5,555 

7,267 

8,825 

145 

15 

8,125 

7,096 

7.905 

10 

2,077 

3.704 

S.2fi2 

6.877 

8.200 

140 

10 

8,700 

8,510 

S 

8,880 

fl 

1,840 

10 

0,025 

11 

8,530 

12 

8,800 

13 

8,090 

14 

8,800 

15 

10 

2.261 

4.317 

£.177 

7,520 

8,770 

125 

10 

•  Nut  wii  uuppliad  with  a  wax  kjfaticanl  (Car^wax  Polyalhyiana  Slyool  3350)  appUaO. 

b  Fal-Pro  Incorporaiod  C-601  -S  lubricant  ia  a  pasta  oonlalnlrtg  SO%  aynthutic  graphita  and  SOK  pabolalum  tormulatad  to  maat 
MIL-T-55i4.  Th«  C-001-S  lubricant  was  appliad  to  tta  thraads  ot  tha  bolt  and  nuL 

c  MS2i250-050t6bolt:  Avaraga  ahank  dtarrialar-O.lt  12  ln.,avarage  ooatlng  Mclinaaa-O.OOMS  In. 

42FLW-S24  nut:  Avaraga  plating  thicAnaaa  -  0.00040  in. 


TABLE  B^2.  TORQUE-TENSION  DATA  FOR  CADMIUM-PLATED  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITM  FEL-PRO  INCORPORATED  C-801-S. 


Test 

No.*'**' 

Cycle 

Ne. 

Runnlnq 
Torque 
(In.-lb,  CW 
Direellcn} 

Terque  On  Nut  (In.-lb) 

Breelcawey 

Terque 

(in.-lb) 

Running 

Torque 

(in.-lb, 

COW 

Direction) 

■oRLoad  (lb) 

60 

100 

150 

200 

42 

1 

20 

1.735 

3.806 

5.423 

6,012 

8,340 

145 

20 

8,280 

8,560 

8.770 

10 

2.507 

4.484 

6,040 

7,406 

8,540 

140 

10 

8,800 

8.640 

8.890 

e.BbO 

10 

0.100 

11 

0,060 

12 

0,420 

13 

0,350 

14 

0,150 

15 

10 

2,571 

4.667 

6.417 

7,820 

8,050 

125 

10  J 

a  Nut  was  suppliad  with  a  wax  lubricant  (Carbowax  Polys lh/«na  Gtyool  3350)  appliad. 

b  Fal-Pro  Incorporaiad  C-501-S  lubricant  is  a  pasta  oonlalning  50%  aynthalic  graphlia  arxl  50%  paVotatum  formulated  fo  maat 
MIL-T-5544.Tha  C-O01  S  lubricani  was  applied  lo  foe  thraads  ot  the  bolt  and  nul 

c  lylS2l250-050l6  bolt:  Average  shank  diamalar  -  0.3113  In.,  avaraga  coating  ihiciuiosa -0  00035  In. 

42FLW'524  nul:  Average  plating  thickness  -  0.00030  in. 
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TABLE  B-43.  TORQUE-TENSION  DATA  FOR  IVO  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Tut 


Runnhit 
T$rt|u» 
(bi.-lli,  CW 
OInetien) 


0«  Nul  (ia.'B) 
teULutf(tb) 


^  I 


3 

loa 

ISO 

no 

UOS 

3,048 

4.776 

6,737 

i,sa3 

3464 

S.0S4 

6,716 

2,264 

4,347 

6,417 

1  6,074 

iRuitninB 
Brtaktwty  Tarqui 
Tarqui  (ia.-tt, 

(l«.-lb)  CCW 

DInidion) 


1  *yn»«llc  B'»phli.  and  50%  pa^ototum  b/mjIaM  to  mcM 

MIL-T-.5U.  Th*  c-e01-s  wai  appltod  to  tx  tfvaada  of  Vw  bott  «id  nut 

e  MS2l25<W)S0i6boh  *h»nk  dtomttor-O.SIIS  to..a»>af»8*  eoaUoQ  We*nM« -O.OOOM  In 

42FLW'S24  nut:  Auaragt  ooaling  thtoknaaa  -  0.00047  to. 


TABLE  B-44.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVO  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  FEL-PRO  INCORPOFL'TED  C-601-S. 


rm 

No.'.*' 


{  Runninp 
Toniut 
(in.-lb,  CW 
Olredion) 


Terqui  On  Nut  (In.-lb) 
Bolt  Load  (lb) 


SO 

100  { 

ISO 

200 

1,291 

3,137 

4.792 

6,438 

2,237 

3,937 

5479 

6,951 

2,089 

4.018 

5,704 

7,151 

Running 
Broikaway  Torqua 
Tarqua  (in.-lb, 

(IR.-Ib)  CCW 
OIradion) 


a  Nut  had  a  wu  lubricant  [Carbowax  PofyathyWna  Gtycol  3350)  appliad. 

b  Fal-Pro  Incorporalad  C-«01  -S  lubricant  It  a  pasta  oontolnlng  50%  aynthalic  graphite  and  ptolivitotijni 
MIL-T-5544,  Th»  C-401-S  kjbricanl  wa.t  appliad  to  lha  ttvaada  oltha  bc«  and  nul 
c  MS21250-050t6bolt:  Avurage  ahank  (iamolar  -  0.3110  In  .  avoraga  coaUng  thJcinaaa  -  O.fJWfJJ  111. 
42PLW-524  nul:  Avaraga  ooatng  thlcknaaa  -  0.00048  to. 


tontnula.'od  1 


■  f 

.•V 


V  i'' 


TABLE  B-45.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITR  FEL-PRO  INCORPORATED  C-B01-S. 


Ts«t 

Cyeli 

N«. 

RunitinB 
Tsnias 
(in.-tb,  CW 
Oirsdion) 

Tsr4Ua0«Ntit(lM.-B) 

nurinlng  j 

Terqui 

(in.-ib, 

ecw 

Oirsdion) 

leltLMi(lb) 

Braitlcawty 

Tuqus 

(ie.-tb) 

U 

180 

268 

45 

1 

35 

040 

3,077 

5,180 

6,647 

8,170 

140 

40 

7,704 

6.165 

8,400 

15 

1,972 

3,867 

5,404 

6,765 

7.927 

150 

IS 

7.857 

8,360 

8.480 

8.280 

10 

8,305 

11 

8,011 

12 

8,070 

13 

8,360 

14 

8,143 

IS 

10 

2.056 

3,894 

5,300 

6.888 

135 

10 

a  Nui  had  a  wax  lubricant  (Carbowax  Potyathyl^a  Glycol  3350)  appiiad. 

fa  Fsl-Pro  Inocrporaiad  C^1-S  lubricant  la  a  pasta  containing  50%  aynthatic  graphtla  and  50%  paadalum  fermutaiad  to  meat 
MiL-T-5S44.  Tha  C-aoi-S  lubricant  wait  appiiad  to  tta  thraada  of  tha  bolt  and  nut 

G  MS21250-0S016  bolt:  Auaraga  shank  dutniatar-0.3ll1  In., avamga coating  thicluwtB-0.00033  bt. 

42FLW-524  nut:  Avaraga  coating  thicbitasa  -  0.0004B  ki. 


TABLE  B-46.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUMOOATEO  BOLT  AND  CADMIUM-PLATED 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-B01-8. 


Tid 

No,«*‘ 

Cyels 

No. 

Running 

Torquo 

(ln.-lb,CW 

Oirsdion) 

Teriius  On  Nut  (in.'lb) 

Broikaway 

Torqus 

(la.-lb) 

Running  I 
Torquo  | 
(In.-IU, 
ccw 

Diradion) 

Bon  Lead  (lb) 

60 

100 

160 

200 

260 

46 

1 

30 

1,342 

3.1  s:* 

4,907 

6.534 

8,250 

140 

35 

8,048 

7,931 

8,700 

15 

1,375 

3,457 

5,122 

6,693 

6,320 

135 

15 

8,360 

8,420 

8,810 

II 

10 

8,156 

11 

9,010 

12 

9.340 

13 

9,035 

14 

9,430 

15 

10 

2,037 

4,376 

6,327 

7,994 

9.270 

105 

10 

a  Nut  was  suppliad  with  a  wax  lubricant  (Carbowax  Polyalhytana  Glycol  3350)  appiiad. 

b  Fal-Pro  Incoqxyatod  C-001  .S  lubricant  is  a  pasta  containing  50%  aynthatic  gr^lla  and  50%  pttroialum  fomuiatad  to  maat 
Mlt-T-5544.  Tha  C^OI-S  lubricant  was  appiiad  to  tha  thraads  of  tha  boh  and  nut 

c  MS2i^S0'O50tC  boll:  Avaraga  shank  dameiar  -  0.3111  In.,  avarago  eating  thlcknasa  - 0.00032  In. 

42FLW-520  nut:  Avaraga  plaling  thicknass  -  0.0004S  in. 


TABLE  B-47.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  CADIVUUM-PLATED 
NUT  LUBRICATED  WfTH  FEL-PRO INCORPOFIATED  C-«01-S. 


Tm 

Wo*.*.' 

Cyela 

Nf. 

Rmnint 
Targua 
(la.-lb.  CW 
Ointtlon) 

Targot  Da  Nut  (lu.-lb) 

Untnliityiiv 

^iw^ua 

aaiuiaiaaavtuai^ 

Tsfijus  1 
{Sn.-te,  1 
SSW  5 

■allLaai  (B) 

U 

10Q 

160 

200 

268 

47 

1 

20 

1.437 

3.352 

6.261 

7.374 

6,280 

115 

20  1 

2 

6,220 

1 

3 

8.ii86 

1 

4 

8.630 

1 

S 

10 

2.0S3 

3.687 

6.736 

7.U7 

8.330 

139 

10  1 

6 

0,640 

1 

7 

S.320 

1 

8 

9.000 

1 

9 

9,059 

1 

10 

9.460 

5 

11 

5>.4ijO 

1  j 

12 

!.U'29 

\ 

13 

ft'.DSS 

1 

14 

10,^ 

IS 

10 

2.104 

4.189 

7.010 

9.530 

Lwir - >•>( 

‘  119 

Im«.«  aWMMMHbMW 

10  \ 

a  Nut  w»t  auppli4»d  with  a  wax  hibricant  (Carbdwax  Polyathytona  Gtyoo! 

b  Fal-Pro  Inco^aiad  C-«01  -S  kibricanl  k  a  pMla  oontaining  50%  syn'hatlc  gra^tii.'io  SO*iC  turn  bl^'nJUI>id  to  tnaat 
MIL-T-5544.  Tha  C-601-S  lubricant  waaappliao  to  tia  thraaria  of  iria  bolt  anti'  nut 


C  IMS2l25<H>5016boft:  AtfaragaahankdiarTMtar-0.3112to.,avara9aooaUngS.tit;JuvAvvt- OA'uW'Sb-ft. 
42FLW-520  nut:  Avaraga  plating  thkAnaaa  -0.00035  in. 


TABLE  B-4a.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COAT^O  j&OLT  AKD  CAL  &^<IUM-PUT£D 
NUT  LUBRICATED  WITH  FEL-PRO  INCORPORATED 


Tad 

Ho.*.*'* 

Cyela 

No. 

Running 
Tarquo 
(in.-lb,  CW 
Oiradion) 

Ttrqua  On  Nul  (in.-lb| 

Br.t«!lcivo,'>' 

l£r|]u» 

Running 

Toitjut' 

ccw 

aifielitn) 

laRLaaSllb)  ] 

60 

ISO 

160 

261 

m 

48 

1 

30 

1,364 

3.356 

5.449 

8.632 

n:m 

125 

25 

2 

9,091 

3 

9,555 

4 

0,116 

S 

15 

2,218 

4.085 

5.605 

7.312 

0.015 

120 

10 

6 

9.034 

7 

0,273 

8 

9,468 

n 

V 

y.eib 

10 

9,596 

11 

9,524 

12 

6,882 

13 

10.178 

14 

0,978 

15 

10 

2.011 

4.1 5S 

5.982 

8,224 

10,437 

1  120 

10 

a  Nut  was  auppliod  with  a  wax  lubricant  (Carbowax  Polyiitoylana  Giyool  3350)  appliacl. 

b  Fal'Pro  Inccxporated  C-^1-S  lubricani  Is  a  posts  containing  50%  aynthatic  gra^lla  aix)  50%  psIrclaturT)  lurmiiatod  to  mast 
MIL-T'554a .  Tha  C-eot  -S  lubricant  wa.s  applied  to  tos  tfvearia  of  iria  bolt  and  nut 

c  MS212SO-C5016  boll:  Avorage  ahank  diamotar  ~0.3110in..  avanga  coating  thiduvaaa -0.00035  In. 
a2FLW-520  nut;  Avaraga  plating  thicknaaa -0.00042  In. 
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TABLE  B-49.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EVERLUBE  1346  AND  THEN 
BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Running 
Torqui 
(In. -111.  CW 
Olrtctlon) 


5  10 

6 


Tnrqui  On  Nut  (In.-lb) 


•ottLuad  (lb) 


1,43B  3^1  5,123  6,686 


7,668  3,704  5,327  6,671 


Running 
•rtikitfty  7>rqui 
ftrqui  (In. -lb, 

(ln.4b)  CCW 

Cirictlon) 


2,108  3,935  5,755  7,498 


u  Nut  did  not  hnvt  vuiii  lubncanl  (C vbownx  Potyathylnn*  Glycol  3350)  appliod. 

b  E/M  Corpomtion  Evartub*  134t  it  an  air-cur  ad.  bondad  aolid  nim  lubricart  fermulatad  with  molytdal^um  ditultde  itt  a  ratin  blndar 
aptieifically  lor  lampanttura  appicationi  arvj  tntiaaiia  capabilltiat..  Fat-Pro  Incorpovlad  C-£01-.  lubrtcarM  It  a  paata  ooirkitring 
SO%  lynlhalic  praptnlaand  SOSt  pabolaturr  (ormdlatad  to  maal  MlL-T-5544.  Tha  C-S01-S  lubricant  wtt  uppliad  Ovar  lha  Evailuba  134C 
lubricant  on  tha  thraadt  ol  tha  out  and  to  tha  toraa^t  ol  tha  IVD  alumnuirvooalad  boH. 

c  MEtEtZbO-OSOIG  boll.  Avarmga  ahank  dametar -OJtlO  in.,  avanaga  coaling  Ihicfcnaaa  -  0.00032 in. 

42FLW'&2a  mit  Avaraga  ooa/ing  ttiicAnata  -0.00035  Iru.  araraga  ooalmg  and  Evarluba  134C  thcknaaa  -  b.OOOM  In. 


TABLE  B-SO.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EVERLUBE  1346  AND  THEN 
BOTH  PARTS  LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


r  Running 

'hH  Cycli  Torqui 
^  No.  (In.-lb,  CW 

I  Sirocllon) 


Torqui  On  Nut  (In.Hb) 
•pN  Lbid  (lb) 


w 

100 

190 

200 

832 

2,780 

4,427 

6,178 

2,252 

3,889 

5,405 

6,918 

1,917 

3,747 

5,580 

7,641 

Running 
Itiikiwjy  Torqui 
Torqui  (In.-lb, 

(in.-lb)  CCW 

DIricllon) 


a  Nut  dill  1101  bivt  wiu  lubricant  (Caibowax  Pulyothylana  Glycol  3350)  appliad. 

b  E/M  CivrporaUon  EvarIjU  1340  it  rn  air-cur».i  bondad  Mid  dimiubncani  lormulalad  wilt  molybdenum  diaulfida  in  a  ratin  bindar 
apacIliQtl'ir  for  ,'tigli  tampa'abrra  applicatront  and  andiaiza  capabilllaa..  Fal-Pio  Incorporalad  C-60t-S  lubricant  it  a  pasta  oonlainlno 
50%  lyndtabr.  grapriil.t  and  !iC%  (airblatiim  formulukd  to  maatMIL-T-5S44.Tba  C-OOt-S  lubricant  wu  appitadovar  Ita  Evarluba  13uC 
Ujivictnl  on  dib  dirandt  ot  Ita  rujl  and  tu  tbu  ttiroarji  ot  tha  IVD  aluminum-ooatad  bolt 

c  M52t250-rjlii)l6  bolt.  .'t,vortga  thank  diornaUtt -.0.3t  11  ki.,  avaraga  coating  thickneai  -  0.00037  in. 

42FLW'524  nut:  Avaraga  coaling  ihicknaw  -  0  00034  in.,  avaraga  coating  and  Evarluba  1340  liicknata  -  0.00104  in. 


HtoWHAkMKtNiHiiwaiiiriiiMit.ia.'UHiWituaiwiiUHiayiHr-t 


TABLE  B-51.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256  AND  THEN  BOTH  PARTS 
LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


HumI*I 
Tsrqui 
(lii.4b.  CW 
OIriction) 

Ttr^ui  Ob  Hut  (lb  .-Ik) 

Briikiny 

TbfkUl 

(|R.-Ib) 

Running 

Torgui 

(In.-lb, 

Titt 

Kb.'iM 

Cyelt 

Ho. 

SoltlMdClb) 

H 

100 

1H 

ne 

ISO 

DIrietlon) 

SI 

1 

2 

3 

4 

30 

1^ 

3,474 

6^05 

7;)68 

10,053 

9,368 

8,874 

9,173 

130 

40 

1 

10 

2,225 

4,131 

S,835 

7,491 

8,875 

9,159 

9,475 

9,046 

9,172 

9,550 

9,082 

9,233 

9,386 

9357 

135 

15 

-!L. 

10 

1,827 

4,1 4S 

5,968 

7,976 

9,206 

140 

10 

•  Nut  did  ngi  hiv<  wu  lubncani  (Cartxiwii  Polycthylcn*  Gtyool  3350)  adpliad. 

b  E/U  Corporation  EU-C25$  ii  a  bondad  ool<d  film  lutricani  formiltliK)  wribi  (nolybdanum  ditulMa  In  a  ratln  bindtr  to  produoa 
torqua-untion  characUrittict  tirnlar  to  eadrTvun\alacaoplata  plut  <wu.  Fal-Pio  Inoorporalad  C-C01-G  lubricarM  ia  a  paila  containing 
50%  ayntbaiic  graphita  and  50%  patrolatum  tormjlalad  to  maat  MiL-T-SS44. 'nia  C-501-S  lubricant  wai  appliad  ovar  toa  EU-S25S 
lubricant  on  tba  thraads  ol  bia  nut  and  to  tba  Ihraada  of  tha  IVD  alurrinunv-eoatad  bolt 

c  MS21S50-05015  bolt:  Avaraga  shank  damatar  -  0.3113  In.,  avataga  coating  tbidinau  -  O.OOOU  In. 

42FLW-S24  nut  Avaraga  mating  thicknaaa  >0.00034  it,  avaragn  coating  and  EkiM25£  toicAnaaa  - 0.00057  In. 


TABLE  D-52.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6256  AND  THEN  BOTH  PARTS 
LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-601-S. 


Running 
Torqui 
(In. -lb,  CW 

Tsrqui  On  Nut  (In.-tb) 

Bnilawiy 

Tsrqui 

(In.-lb) 

Running 

Ttfqui 

(In.-lb. 

Tilt 

Cycli 

No. 

lolt  Loud  (1b] 

OIriction) 

80 

100 

150 

200 

ISO 

Dincllon) 

se 

1 

2 

3 

4 

20 

1,643 

3,739 

5,527 

7,290 

8,983 

8,245 

8,360 

8,372 

140 

35 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

10 

1^89 

3,347 

5,053 

6,658 

8,047 

7,953 

8,479 

9,045 

6,783 

8,805 

9,175 

9,127 

9,212 

9,392 

140 

10 

15 

S 

2,276 

4,376 

6,206 

7,688 

8,968 

130 

10 

a  Nut  rid  not  hava  w*x  kitiricant  (Caubowax  Polyathylsna  Glycol  3350)  appJiad. 

b  EA4  Corporation  E)l4-S25S  ia  a  bonded  aoUd  film  lubricani  lormukilad  with  rndybdanum  diulfida  In  a  raain  binder  to  produca 
torqua-tantjon  chaiaclariatica  aimi^r  to  cadmium  alactroplala  (/ua  wax  FatPrc  Incorpomtad  C-601-S  kibricanl  it  a  patta  oonlainlng 
SOX  tynthaSc  graphiia  and  50%  petrolatum  formula  lad  to  maat  MIL-T-5544  Tia  C-601-S  lubricani  wrat  appliod  ovar  tfia  EM-6256 
kibricanl  cn  tha  thraadt  of  the  nut  and  to  the  thraadt  ol  the  hfD  aluminum-coalad  boll 

c  MS21250-05016  bolt:  Average  thank  diamalsr  -  0.3110  In.,  avaraga  coating  thickraxt -0.DCO33  In. 

42FLW-5i4  nut:  Avaraga  coatng  tiiicknaai-O.OOC35  in.,  avaraga  ooabrg  and  EM'6256  Ihicknata  -0.00051  In. 
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TABLE  B-53.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-€286  AND  THEN  BOTO  PARTS 
LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-S01-S. 


Tttt 

Cyelt 

No. 

Rumilns 
Tonjuf 
(fai.-lh,  CW 
Oiraetiun) 

Tifiqua  06  Nut  (bi.-lb) 

Braikaway 

Ttrqui 

(l6.-tt) 

Running 

Tsrquf 

(te.-ft. 

GCW 

Dinetion) 

ioHLtad  (13) 

SO 

160 

ISO 

200 

2S0 

53 

1 

25 

1,624 

3,635 

6,421 

7,140 

8,261 

130 

30 

2 

0,303 

3 

8,201 

4 

8.4fI8 

S 

20 

1.64/ 

3,526 

5,142 

6,032 

8,451 

145 

15 

6 

8.599 

7 

8.7/8 

8 

8,712 

» 

8.901 

10 

0.012 

11 

£1.157 

12 

9.1  S6 

1 

13 

9092 

14 

1,410 

1 

15 

5 

2,520 

4,588 

6,456 

8,164 

9,557 

140 

L'’J 

a  Nut  (id  not  hava  wast  lubricant  (Carbowax  Polyathytorta  Glycol  3350}  appUad. 

b  E/M  Corporation  EM-6286  Is  1  bondad  solid  flim  lubricant  fcrrnulatad  with  graphite  In  a  rasln  bindar.  Fal-Pro  Incorporatad  i 
lubricant  is  a  pasta  oonteining  50%  synthatic  graphite  and  50%  patrolatum  lr>rmolatad  to  maat  MIL-T  5544  .  Tha  C-4i0t*S  kibrit?;'. 
appliad  ovar  tha  EM-62a6  lubricant  on  tha  tiraads  of  tha  rMt  artd  to  tha  thraark  of  t^a  IVD  aiuminuRvooatad  bolt, 
e  MS2i250-OS018  boh.  Avaraga  a<Sank  dte(natar-0.3110in.,ava(«gaooati(vi  IK  *ia -0.00031  in. 

42PLW-524  nut:  Awraga  coaling  thicinaaa  -  0.00036  bt.,  avaraga  eoa^ng  and  EM-6286  fildateM  -0.00064  kt. 


TABLE  B-S4.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  FOR  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  E/M  CORPORATION  EM-6286  A  ND  THEN  DOTH  PARTS 
LUBRICATED  WITH  FEL-PRO  INCORPORATED  C-60I-S. 


Tilt 

Nn.*‘* 

Cyelt 

Nn. 

Running 
Tenjuf 
(!n.-lb,  CW 
Diriction) 

Torque  On  Nut  (in.-lb) 

Brtakawty 

Tarqui 

(in.-lb) 

Running 

Terqut 

(in.-lb, 

CCW 

Dirtclisn) 

SoitUad  (lb) 

so 

100 

150 

200 

250 

54 

1 

25 

1,514 

3,754 

5,792 

7,661 

9,403 

140 

35 

8,780 

8,670 

9,204 

10 

1.913 

4,143 

5,873 

7,590 

9,098 

140 

15 

9,349 

9.619 

8.754 

10 

10,024 

11 

9,818 

12 

10,072 

13 

9,826 

14 

10,057 

15 

10 

2,735 

4,837 

6.734 

8,508 

10,199 

130 

10 

a  Nut  dkl  not  hava  wax  lubricant  (Carbowax  Polyathytena  Glycol  3350}  appliad. 

b  E/M  Corporation  EM-6286  is  a  borxlad  solid  film  lubricant  tormuiaiad  arlih  graphite  In  a  raiin  bindar.  Fal-Pro  (noorporttad  0-601-$ 
lubricant  Isa  paste  containing  50% synthetic  graphite  and 50%  patrolalum fonnulalad  to  meat  MIL-T-5544.Th8  C~60i-S  lubricant  was 
applied  ovar  tha  EM-6286  lubricant  on  tha  tiraads  of  the  nut  and  to  tha  threads  of  tie  IVD  alutninum-ooalad  boH. 
c  MS2125O-OS016  bolt:  Average  shank  dtemotar- 0.31 10  in.,  average  coating  thiclutess -0  00032  In. 

42FLW-524  nut:  Average  coating  thickr>a$s  -  0.0CCu7  h.,  average  coatng  and  EM-6286  tricknasa -0.00061  bi. 
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A.^PENDIX  C 


TORQUE-TENSKOW.  DATA  FOR  ENQINE  BOLTS  FINISHED 
WITH  r.'D  AL'JMINUM  OR  DIFFUSED  NICKEL-CADHIUM 
WITH  AND. WITHOUT  ENGINE  OIL  LUBRICATION 


TABLE  C-1  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NICKEL-CADMIUM-PLATEO  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  WITH  ENGINE  OIL. 


Tul 

Cpcla 

Ne. 

Runnlno 

Tintua 
(Ki.-lb,  CW 
Oiradlen) 

Ttrgot  05  Nut  (ta.-B) 

Kratkaway 

Tai-gui 

(ia.-lb) 

Ktmnlng  | 
Tarqua  i 
titl.-tt, 
ccw 

Diractlon) 

leSlMl(Bi) 

28 

45 

86 

u 

1 

1 

40 

205 

L028 

1,877 

65 

35 

2 

1,630 

r 

2,040 

A 

2,083 

S 

20 

- 

337 

3.50 

2,607 

65 

20 

a  Nut  wM  suppJiad  with  a  wax  kibricani  (Ca-bowax  Polytihytona  QVool  3350)  appUad. 
b  MIU-L-2369S  angina  o(  was  uaad  aa  tha  kjbitcanl  Tha  angina  oH  wai  i^ptM  to  t«a  tiwaada  of  Iha  boft  and  nut. 
C  MSC209-13  bolt:  Avaraga  plating  fhiokntM  -  0.00046  bt. 

PAW  564706  nut:  Auaraga  plating  ttilcknaas  -  0.00043  bi. 


TABLE  C-2.  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NICKEL-CADMIUM-PLATED  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  Wm^  ENGINE  OIL. 


Tan 

Uo».b.« 

Cycia 

No. 

Running 
Tarqui 
(in.-lti,  CW 
Oiraetion) 

.  —  - -  -  "H 

Torqus  On  Nut  (ia.-lli) 

Braabnny 

Tarqua 

(la.-lb) 

*• - 3 

InItLoaddb) 

- 

25 

45 

66 

w 

2 

1 

20 

a. 

277 

724 

1,135 

1,557 

65 

20 

1,689 

1,838 

2,049 

5 

15 

- 

638 

1,015 

1,520 

2,027 

65 

15 

a  Nut  was  tuppliad  with  a  wax  lubricanl  (Carbowax  Polyaityfena  Qlyool  3350)  appllad. 
b  MIL-L-Zoeag  angina  oil  wmi  uaad  as  tta  iubricanl  TTm  angina  o8  was  applM  to  Iha  Ihtaads  of  tha  bott  and  nut. 
c  MS9209-13  bott:  Avafsga  plating  thlcknass  ~  0.00045  bt. 

PAW  S647r'6  nut:  Avarage  plating  thlcKnaaa  -  0.00051  tn. 


TABLE  CV3.  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NiCKEL-CADfyilUM-PLATED  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  WITH  ENGINE  OIL. 


TmI 

Ne.'L* 

Cyeli 

Ns. 

Hanning 
Torqus 
(IR.-Ib,  CW 
Olndiaa) 

Targiea0aNui(ia.«) 

Irashmy 

Tatgus 

(la.-B) 

Nanning 

Targus 

CCW 

DIreeilon) 

•allLs«4(fe| 

2S 

«S 

K 

86 

3 

1 

25 

65 

647 

1,164 

1,867 

65 

25 

2 

3 

KlEfl 

4 

5 

10 

- 

467 

1.246 

1,739 

2,343 

60 

10 

•  Kut  VMS  suppUsd  with  a  wim  lubricant  (Cartowsx  Polysthyians  Qlyool  S3fi0)  appiiad 
b  MIL.I.-23599  angifM  oil  vvat  usad  as  tta  lubricani  Tbs  an^  ol  was  spplM  to  Im  ttmads  of  bw  bolt  and  nu(. 
C  MS0209-13bolt:  Avarags  plating  tildUMts  -  0.0003S  in. 

PiW  S6470C  nut;  Awarags  |)(sii>ng  Ihichnats  -  0.00049  in. 


TABLE  C-4.  TORQUE-TENSION  DATA  FO.T  <VD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  ENGINE  OIL 


Tad 

Cyeli 

No. 

Running 
Torqua 
(In.-lb,  CW 
Oiroctlon) 

Torqui  On  Nut  (in.-B) 

Iraakawiy 

Tarquo 

(In.-lb) 

— 

Running 

Torqua 

(In.-lb, 

tew 

Dlradlon) 

iQltLesd(ib) 

- 

25 

46 

H 

16 

4 

1 

10 

673 

1,185 

1.863 

2.632 

60 

10 

2472 

2,150 

1 

2,078 

1 

5 

5 

- 

690 

1.122 

-- 

1,613 

2,034 

65 

5  1 

a  Nut  had  a  wax  lubricani  (Carbowax  Polysthylana  Glycol  1350)  ippiiad. 

b  MIL4.-23699  angina  oil  was  uoad  as  tis  lubricant.  Tha  angira  oi!  was  appfiad  to  tha  tfvaads  of  lha  bott  and  nut. 
c  MSPSog-ISbolt:  Avataga  coating  thkAnass  -  0.00031  In. 

PiVV  5&47CO  mUI:  Awrag*  COStirig  thiCnini  —  W.CC043  in. 


TABLE  C-5.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WrTH  ENGINE  OIL 


iMt 

Cyela 

No. 

Rwmliig 
Tarqua 
(In.-lb,  CW 
OiratUon) 

Tomtit  0«  Nut  (hi.-*) 

Brtaloniiy 

Tbiquo 

(iR.-») 

fttmnbiB 

Tarqui 

(IB.-Ib, 

CCW 

OIraeiitn) 

•oMLMiiHi) 

- 

2S 

45 

•6 

M 

6 

t 

15 

383 

814 

1,494 

2,166 

60 

16 

2 

1,804 

3 

1,740 

4 

1,786 

S 

1C 

- 

580 

090 

1,384 

1,777 

65 

5 

•  Nut  had  a  wax  kibrtoanl  (Carfaowax  Potyathytana  Olyoal  3350)  apptiad. 

b  Mim.-23e99  angina  oil  was  uaad  at  tta  lubricant  Tha  angina  oS  waa  appllari  » tha  Ovaada  o(  lha  boH  and  nul. 
c  MS0209-13  bolt:  Avaraga  oaating  thicknaaa  -  0.90044  In. 

PAW  5A470A  nut:  Atiaraga  coating  thicknaaa  -  0.00047  ki. 


TABLE  C-«.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  ENGINE  OIL 


Tast 

CycIt 

No. 

Running 
Yorqua 
(In.-lb,  CW 
Diractian) 

Tsrqut  On  Nut  (In.-ft) 

SraaKaway 

Tarqua 

(in.-lb) 

Running 

Tarqut 

(in.-lb, 

CCW 

Diractlen) 

loRLoatf(lb) 

- 

26 

46 

K 

•5 

6 

1 

15 

.. 

603 

1,166 

1,098 

2,681 

60 

to 

2 

2,094 

3 

1,868 

4 

1,824 

5 

3 

- 

541 

987 

1,431 

1,827 

66 

2 

a  Nut  had  a  wax  lubricant  (Carbowax  Polyathytona  Glyool  3350)  tppliad. 

b  MIL-L-23699  angina  oil  waa  uaad  aa  tha  lubricanL  Tha  angina  oil  waa  appllad  to  tta  ttvatda  o(  tha  bolt  and  nut. 
c  MS920S-13  bdl:  Avafaga  ooating  khicknaas  ~  0  OOOSO  bi. 

PAW  564704  nut:  Avanna  pnaKna  thlckixau  -0.00047  In. 
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TABLE  C-7.  TORQUE-TENSION  DATA  FOR  A  DIFIFUSED  NICKEL-CADMIUM  BOLT 
AND  CADMIUM-PLATED  NUT. 


Tift 

No.*'Li 

Cyeli 

Nt. 

Rufining 

Targua 

(ia.-lk.CW 

Oiraetlaa) 

Tamua  Oa  Nul  (la.-») 

Irtakaway 

Tarqui 

(ia.-tO) 

naiinlng 

Taigua 

(ta.-Ui. 

ccw 

Dlmction) 

laltLaad(lb} 

100 

ISO 

KB 

250 

kb 

7 

1 

25 

2.707 

4.254 

5.731 

7.110 

0,411 

200 

20 

a  Nut  waa  luppUad  with  a  wax  lubricant  (Carbowax  Poly«3)y4ana  Otyool  3350}  appliad. 
b  Tha  boll  and  nut  wart  aaaambtad  dry  wtthoul  an  angina  oil  lubiicanL 

c  MSC210-23  bolt:  Avacaga  shank  diamtter - 0.2S79  lr\.,  avaraga  coating  Ibleltnata  - D.OOQ27  in. 
42FLW-524  nut:  Avaiaga  piaslng  Ihicknaat  -  0.00047  in. 


TABLE  C-S.  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NICKEL-CADMIUM  BOLT 
AND  CADMIUM-PLATED  NUT. 


Tiat 

Cycia 

Na, 

Runnino 
Tortgut 
(in.-lb,  CW 
Oiractian) 

*'  Tergut  On  Nut  (ia.-IO) 

Braakaway 

Torgua 

(la.-lb) 

Running 

Tarqui 

(la.-lb. 

CCW 

Diraction) 

Bolt  Laad  (lb) 

100 

ISO 

200 

250 

800 

1 

1 

20 

3,230 

5,145 

7.153 

8.7B4 

0.003 

165 

25 

a  Nut  was  auppliad  with  a  wax  lubricant  (Carbowax  PolyaVtylana  Glyool  3350)  appiiad. 
b  Tho  bolt  and  nut  wars  aasarnbiad  dry  without  an  angina  oil  lubricant, 
c  MSOZIO-ZS  bolt.  Avaragathankclan')aiar-0.2e75ln.,  avaraga  coating  IhiGknaaa- 0.00033  In. 
42P1.W-524  nut:  Avarage  piaUnp  UtkAnaas  -  0.UOO44  in. 


TABLE  C-9.  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NICKEL-CADMIUM  BOLT 
AND  CADMIUM-PLATED  NUT. 


Tiat 

Ho.*-*-* 

Cycia 

No. 

Running 

Torgui 

(in.-lh.CW 

Olractinn) 

Torgut  On  Nut  (In.-lb) 

Braakaway 

Tarquc 

(In.-lb) 

Running 

Tpigua 

(in.-lb, 

CCW 

Diraction) 

■onLa8il(lb) 

100 

168 

200 

250 

800 

0 

1 

20 

2,811 

4,583 

6,175 

7,687 

8,869 

170 

a  Nut  was  .suppllod  with  a  wax  lubricant  (Caibowax  PoVstiyfana  Glyool  3350)  appUad. 
b  Tha  bolt  and  nut  wort  aasomblod  diy  withoul  an  angina  ok  lubricanl. 
c  MS921 0-25  bolt:  Averago  ahtr>k  (Samator  -  0.2878  in.,  avuraga  coating  ihkAnaat --0.00020  In. 
42FLW'524  nut:  Average  plating  thickneas  -  0.00052  in. 
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TABLE  Oil.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUiUHSOATEO  BOLT  AND  IVD 
ALUMINUM-COATED  NUT. 


TtsI 

Mo.*-*** 

Cycia 

No. 

Running 
Torqui 
(in.-ib,  CW 
Oirodlon) 

Ttrgui  0i  Nut  (la.-ft) 

Rroakawty 

Torguo 

(in.-lb) 

Running 

Torqut 

(In.-lb, 

CCW 

Oiradien) 

l8llLMtf(tb] 

100 

ISO 

200 

2S0 

too 

11 

1 

SG 

1,080 

2,181 

3,110 

4.04S 

4,065 

2S0 

SO 

a  Nui  had  a  wax  lubricani  (Carbowax  Polyatliyiaoa  Glyool  33S0)  appUad. 
b  Tha  bolt  and  nut  waia  aaMmbiad  dry  without  an  angina  oV  lubricant. 

C  MSe2l&-25bott:  Avacaga  ahank  dUmatar  -  02871  In.,  avaragaooat^  thlcfcnasa- 0.00037  bi. 
42PLW-524  nut:  Araraga  coaling  thldvtaaa  -  0.00034  in. 


TABLE  C-12.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD 
ALUMINUM-COATED  NUT. 


Tad 

No.*-*.' 

Cycit 

No. 

Running 
Tonjua 
(in.-lb,  ew 
Olradion) 

Torqut  On  Nut  (in.-lb) 

1 - 

Bmakaway 

Terqua 

(In.-lb) 

Running 

Torqui 

(in.-lb, 

CCW 

DIrtdIsn) 

loll  Load  (lb) 

1 

ICO 

ISO 

200 

2S0 

SCO 

12 

1 

50 

1,127 

2,031 

2.802 

3,752 

4,581 

235 

■■ 

a  Nut  had  a  wax  lubrlcnnl  (Cartowax  Polyalh/lana  Glycol  3350)  appliad. 
b  Tha  boll  and  nut  wm  aatamUad  dry  without  an  angina  oil  lubricant. 

c  MSS21 0-25  boll.  Avaraga  thank  diamaiar- 0.2875  In.,  avaraga  coating  thiokneM -0.00030  in. 
42FLW-S24  nut:  Avtrtga  coating  thicknaaa  -  0.00037  ki. 


TABLE  C-10.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD 
ALUMINUM-COATED  NUT. 


Tad 

No.*-*-' 

■ 

Running 
Torqui 
(In.-lb,  CW 
Diradion) 

Torqut  On  Nui  (in.-lb) 

Bnikaway 

Tarqua 

(la.-lb) 

Running 

Terqua 

(In.-lb. 

CCW 

uifteiigii) 

Bolt  Load  (lb) 

108 

icn 

208 

«cfb 

AW 

AAA 

10 

1 

4S 

1,106 

2,211 

3,036 

3,800 

4,610 

22C 

45 

a  Nut  had  a  wax  lubricant  (Cartowax  Potyathytorta  Gtyool  3350)  appliad. 
b  Tha  boll  and  nut  wara  taaamblad  dry  withool  an  angina  oil  lubricant. 

c  MS021 0-25  bolt:  Avar»gaahankdUm#tar-0.2875ln.,BvtragoooaUngthicAna*a-0.00030ln. 
42FLW-524  nut:  Avaraga  coating  thicknast  -  0.00030  ki. 
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TABLE  0-13.  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NICKEL-CADMiUM-PLATED  BOLT 
AND  CADMIUM-PLATED  NUT  LUBRICATED  Wrm  ENGINE  OIL. 


Tnl 

Cycit 

No. 

NiwnlnB 

Ttmuo 

(lii.-lb,CW 

OIroetion) 

Tantua  Oa  Nut  (hi.-Vi) 

Irtikawty 

Tofquo 

(ta.-tt) 

Nunn  Ins 
Tst^ua 
(h.-tt. 
ccw 

ttiradion) 

BsIlLoM  (lb) 

16fl 

150 

209 

m 

SOO 

13 

1 

20 

2,343 

4,075 

S,S07 

6.060 

8,408 

160 

25 

2 

0,402 

3 

0,005 

4 

7,527 

5 

10 

2.320 

3.420 

4465 

5.420 

6,468 

105 

IS 

>  Nut  u»»  Mjppliecl  wllt\  a  wax  lubricant  (Carbowax  PolycViylatia  Clyool  3350)  appiiad 
b  MIL-1.-23690  anyina  oil  was  uaad  at  tia  lubricant  Tba  angina  oil  was  applM  to  tia  bvaadt  of  lha  bon  and  nU. 
c  MS9?i.V2Sbon:  Avaragt  ahank  diamalar-0.2M2  in.,  avaraga  coating  thiokneaa -0.00036  In. 

4SFLW-524  nut:  AMraga  plalirrg  thlcknaat  - 0.00040  kl. 


TABLE  C-14.  TORQUE-TENSION  DATA  FOR  A  DIFFUSED  NICKEL-CADMIUM-PLATED  BOLT 
AND  CADMIUM-PLATED  NUT  LUBRICATED  WITH  ENGINE  OIL. 


Tod 

No.'.*.« 

CycIt 

No. 

Running 
Taniua 
(In.-lb,  CW 
SInction] 

Torqua  On  Nut  (In.-B) 

Brtabwoy 

Torqut 

(iD.-lb) 

Running 

Torquo 

(In.-lb, 

CCW 

Dlradion] 

leRlMO(lb) 

100 

ISO 

200 

250 

100 

14 

1 

30 

2,561 

4.062 

$.332 

6,883 

8,130 

185 

30 

2 

7,873 

3 

7,236 

4 

6.445 

5 

20 

1,714 

2,867 

4,030 

5,083 

6,133 

100 

20 

a  Nut  was  auppliad  with  a  wax  lubricant  (Carbowax  Poi/atiyiona  Glyool  3350)  appiiad. 
b  Mim.-2359e  ang’na  oil  was  uaad  at  tba  lubricant  Tha  angina  oil  was  applM  to  toa  thraada  o(  tha  boh  and  nuL 
c  MS021 0-25  boil:  Avsrage  thank  dlamatur- 0.2876  in.,  avaraga  coabirg  IhicKnasa -O  OOC34  to. 

42f-LW-524  nut:  Avaraga  plating  thicknaan  -  0.00048  to. 
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TABLE  015.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVD  ALUMINUM- 
COATED  NUT  LUBRICATED  WrTH  ENGINE  OIL. 


Ttsi 

Bo,*-*-* 

£yela 

N6. 

Rtcttnlno 
Tanjua 
(in.-tb,  CW 
Dindion) 

Tai^ut  Oa  Nut  (bi.-B) 

Brtt(n«ray 

r6rqui 

(in.-U)) 

Running 

Tnrqui 

(lit.-lb. 

CCW 

Otraeilon) 

B.ltL..4(».) 

100 

1H 

200 

2S0 

SOB 

IS 

1 

25 

2.337 

3.825 

S,082 

0,187 

7,070 

240 

30 

2 

4,858 

3 

5,106 

4 

5,088 

uL- 

10 

1,805 

2,755 

3,547 

4,259 

4,882 

250 

10 

a  Nut  had  a  wax  lubrlaant  (Carbowax  Polyathylana  Qlyoot  3350)  appiiad. 

fc  MIL'L-23«9e  angina  ot  waa  uaad  at  lha  lubricanL  Tha  angina  oH  waa  apptlad  to  toa  tfwaada  of  lha  botl  and  nuL 
C  MS021O-2S  b'th:  Avaraga  ahank  diamatar  -  0^73  In.,  avaraga  aoaUng  thicknaaa  -  0.00037  In. 

42F^IW-S24  iw't:  Avaraga  eoating  thIcXnaaa  -  0.00036  In. 


TABLE  C-16.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND  IVO  ALUMINUM- 
COATED  NUT  LUBRICATED  WITH  ENGINE  OIL. 


Tad 

N# 

Cycit 

No. 

Running 
Tei^ua 
(In.-lb,  CW 
Dirtdion) 

Tirqui  On  Nut  (In.-lb) 

■nakaway 

Targua 

(In.-lb) 

Running 

Tarqua 

(In.-lb. 

CCW 

Diractlon) 

loKLiiddb) 

100 

150 

200 

250 

300 

16 

1 

40 

1,175 

2,381 

3.204 

3,008 

4,647 

225 

40 

2 

4,110 

3 

4,639 

4 

4,910 

5 

10 

1,446 

2.455 

3,325 

3,992 

4,620 

230 

10 

a  Nut  had  a  wax  kibdcani  (Carbowax  Polyathylana  Olyool  3350}  appllad. 

b  MIL-L‘236S<9  angina  oil  waa  uaad  at  Via  lubricant  Tha  angina  OH  wac  appllad  to  lha  Ibraada  of  tha  toft  and  nut. 
c  MS0210-25  bolt:  Avaraga  ahank  dlanialar  -  0.3676  In.,  avaraga  ooaUng  thicknass  -  0.0CC34  !n. 

43rLW'524  nut:  Avaraga  coating  thicknaea  -  0  00036  to. 
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TABLE  C-17.  TORQUE-TENSION  DATA  FOR  IVD  ALUMiNUM-COAI'ED  BOLT  AND  tVD  ALUS^iNUh^ 
COATED  NUT  LUBRICATED  Wrm  ENGINE  OIL. 


T98l 

Nt 

CyeU 

Me. 

ftiHinlns 
Yorqua 
(in.-lk,  CW 
OiradloB) 

Yohjou  Ox  Kul 

Hraabivniy 

Tansua 

Kuimlnc 

Tatiiuii 

(IK.-IO, 

sew 

Oirasilon) 

1U 

m 

£30  j 

17 

1 

25 

2,526 

xm 

3033  £,3'i3 

7.S7.2 

225 

30 

2 

i 

4,645 

3 

1 

4,536 

4 

\ 

4,641 

5 

15 

1,462 

2,4<£ 

3,237  1  3,962 

4,605 

220 

10 

a  Nut  Kid  I  wax  lubricint  (Cartowu  Potyithylim  Otyool  33S0)  appMid . 

b  MiL-L-236eo  mgin*  oil  was  uiad  m  tf>«  tubriCiWl  Thi  angino  ot  was  agptoa'  le  tivfokk  «'  Ihi  bob  tmd  nuL 
e  MS02tO-2S  bcit:  Avangt  shank  (tamaiar  -  0^74  m.,  avaraga  ooaiing  thiouWiHt  >  0.0C»7  in. 
a2FLW-S24  nut:  Awansgs  OMilng  tUoknaas  -  0.00041  bi. 


TABLE  C-18.  TORQUE-TENSION  DATA  FOR  IVO  ALUMINUM-COATED  BOLT  AND 
CADMIUM-PLATED  NUT  LUBRICATED  WITN  ENGINE  OIL. 


Tad 

Mo,!.*.* 

— 

Cycta 

No. 

nuiiiilns 
Tartjua 
(In.'lb,  CW 
Oiractian) 

Tarqits  On  Nut  (18,41) 

Bvtakawty 

Tanjiia 

Ruitnlng 

Tarvjua 

(In.-lii, 

ccw 

Dlhietlaiv) 

latt  L886(lb) 

100 

ISO 

200 

2S0 

M3 

18 

1 

15 

2,624 

4,024 

5,145 

7381 

8,765 

165 

20 

8.933 

8.676 

8.189 

6 

3,091 

4,559 

6,080 

7,301 

8,592 

170 

10 

a  Nut  was  suppliad  with  a  ws):  lubricant  (Carbowax  Polyetfiytana  Glyool  3350)  apfiiaO. 
b  I4II.-L-23699  angina  oil  was  usad  as  Vta  lubricant.  Ths  angina  ok  was  applied  to  rs  throads  c(lha  bod  and  nut. 
c  WSC2t 0-23  bolt:  Avarsgi  shank  (lamatsr- 02873  In.,  avarags  ooaiing  (hloknsas -C.00042  b). 

4SFLW-S24  nut:  Atwrags  plating  Ihichnast  -  0.00040  bt. 


TABLE  C-19.  TORQUE-TENSION  DATA  FOR  IVD  ALUMINUM-COATED  BOLT  AND 
CADMIUM-PLATED  NUT. 


Tad 

No.*.*.« 

Cycia 

No. 

Running 
Yargaa 
(In.-ib,  CW 
DIradlon) 

Targua  On  Nd  (In.-tt) 

Brtibttray 

Targua 

(ia.-lb) 

Running 

Targus 

(In.-ib. 

CCW 

Dlrsdlan) 

Salt  Load  (lb) 

100 

ISO 

200 

260 

— 

19 

t 

25 

2,876 

4.406 

5.529 

6,725 

7,886 

190 

a  Nut  wu  auppliad  with  a  wax  lubricant  (Carbowmx  PoKar/iana  Gtyoui  3350)  appilad. 
b  The  bolt  and  nut  waia  aasamblad  dry  without  an  angina  oH  lubricant. 


c  MS9210-23  bolt:  Avaiagt  shank  damtlar  -  0.2877  bi.,  avacaga  coating  thhAnaas  -  0.00034  bt. 
42FLW-524  nut:  Average  plating  ihicknaw  -0.0003S  bl. 


